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THE TECHNICAL STUDENT’S INTRODUCTION 
TO THE GENERAL PRINCIPLES OF 
MECHANICS. 

Laws affkctinc Natural I'iienoaifna— Matter and 
Motion. 


CllAPTEK AXVIl. 

At Iho end of last eliapter we stated that grave eiTors 
in jneclianical construction wore frequently made 
tlirougli ovorlo(^king the great principle that, motion 
is always in straight lines; and that we should 


the re.sult of the mistake in di’iving will probably 
be that the cai’riage is overturned. This principle is 
illustrated in the laa ing out of watercoui'ses, and in 
the junction of pities for conveying water, oi* eon* 
ducting steam or air at pressure, or the tines of boiler 
or other furnaces. Thus, if the wateirourse be made 
with a sharp corner at d, where the tlow of tlie vater 
in original direction at arrow r is changed suddenly in 
direction /, the tendency of tlu^ water to tlow on in 
a straight line carries it to tlie corner d ; and tliis, if 
soft earth or soil, is woiai rapidly down, or if it be 



Firr. 25. 


illustrate a few points in conneK;tion with tig. 20.^ 
This we now proceed to do. If a carriage, a, be 
drawn up rajddly in the direction of the ai’row 
and through forgetfulness on the part of the driver 
tlio corner is approached too nearly, — and if to 
avoid tlie crash the horse is suddenly pulled to the 
right, to go in the direction of safety ly arrow c, 



Fijr. 

— the tendency of the carriage a to go in a straight 
line can*ies it still forward in dii'ection h, while 
the horse is pulling strongly in direction c, and 

* In p. 2(10, last vol.. wc refemd to this fl^r. as 21 ; this 
should have boon, as now stated, 2t), and the rcfennice to fig. 
23 in last lino of p. 259 should be 25, 

VOL. IV. 


hard and rocky, eddies iiiid cross- currents are created 
in the How of the water luToi-e it can get steadily 
into the ne^v direction f ; and all eddies or cross- 
currents thus created tend to iinped(‘ the I'egiilar 
tlow of the. wate]’ ; for we put tvo antagonidic 
forces in aetiun - the temhuicy of the watm- to gu in 
the direction of c d^ and the tendency of th(‘ fall or 
How of the water downwards in the direction of /’(/. 
The same holds tjuie of inclosed chanmds in which 
liquids How, as waUa* or drainage matter: and with 
regard to this last-named ai t, it is diHicult to sr^y w hat 
was the extent of the sfinitary evils produced, or 
that of the hindi-ance created to rapid progivss in 
the practical drainage and sewerage of our streets 
and houses by the system so long adhered to — and it 
is by no means done away with yet — of making the 
jun(!tion of a branch sewer or that of a house drain 
to a main sewer, as u, tig. 27, at right angles to the 
main sewer h b, the direction of How of liquid in 
it Iicing as at .urow sliown. The force of tlie flowing 
liquid along it sent it to impinge against the side of 
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sewer opposite, tending rapidly to wear out the xnortar 
in the joints of the brickwork at that point, and, what 
was worse, stopping or impeding the flow of the 
sewage, and thus causing deposits of solid matter at 
or near the point of junction, which deposits tended 
to — and in thousands of cases actually did — stop up 
the sewer. And in the conducting of water along 
pipes, not a few mechanics have been placed in 
difficulties by giving junctions, and also by changing 
the directions of the main flow, arranged on this 
erroneous system of making them absolutely antago- 
nistic to each other— as the flow of the liquid along 
the junction, as a, strikes, so to say, that flowing down 
ft 6, so as to throw it aside. In all cases where liquids 
are conducted along channels or tubes, when any charige 
in the direction of the flow or current is to be made, 
the tendency of the liquid to go in the original line 
of its flow should be gradually and not suddenly over- 
come ; and this is best done by giving a curve at the 
point where the change is to be made, as at c, between 
the two antagonistic or opposite directions of d and e. 
And the larger the radius of this curve the more easy 


signed T^orka, at ft t in flg. 27. The mechanic haa 
also often to deal with the conducting of air, either 
cold or hot, or with heated gases from ^furnaces in 
tubes or channels or flues ; and the law we have now 
under notice aflects the flow of gases and air along 
channels as it aflects that of liquids. For although, 
as we have seen, the popular mind has a difliculty 
to grasp the fact, yet common air, for example, haa 
in reality the attributes of a solid body, and can offer 
resistance to‘ bodies moving through it, or to a solid 
body it comes in contact with when itself in motion. 
In the flues, for example, of a steam-engine boiler 
furnace, the great object is to maintain the draught 
with regularity, and thus os uniformly as possible. All 
changes in the direction of the current o^: line of 
draught naade abruptly affect its flow; and the loss 
incurred arises not so much from the mere retarda- 
tion of the speed, as in the deposit of soot and the 
fine particles of ashes carried along with the heated 
air, which deposit is juSt as much the result of the 
disturbance of the flow of the current as is the 
deposit of solid matter from a muddy liquid carried 
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will the change in direction of flow be made; in 
all cases there will be a' lessened flow or rate of 
current in pit)portion to the number of changes. The 
fewer the better of these ; but in many cases circum- 
stances compel numerous ones : all the greater reason, 
therefore, to be careful how they are laid out. And 
this carefulness is all the more necessary where the 
mechanic has to deal with fluids whiclx are muddy, 
carrying matters in deposit — frequently the case in 
industrial work. For every disturbance in the current 
tending to stop or to reverse it, or to make it more 
sluggish, brings about deposits of the solid matters held 
in suspension. And these deposits become in time 
causes of further changes in and a retardation of 
tlie flow, and have been found in scores of cases so 
difficult to be dealt with that large expenditure has 
oeen incurred by having to take down or up and repair 
the channels. While attending to the main channel or 
tube, all junctions to it must also be designed on the 
correct principle we have pointed out. The worst of 
all forms we have illustrated at a ft ft ; a very much 
better form we show at/^p; and the best of all, that 
which is now the practice in the moat carefully de" 


along a similar channel. Tlius, in the case of a 
“ return ” or a wheel " flue, as tit j k 1, fig. 27, 
the sudden changes in the direction of the current 
or flow in line of draught, at the corners k and /, will 
give rise to such eddit*:^ and retardation, that the soot 
deposits will so rapidly increase that it may only 
be by repeated and therefore costly clearings-out of 
the flues that the draught of the furnace can be 
maintained with the desired efficiency. All this may 
be avoided by giving the flue a continuity of direction 
as nearly approaching a straight line as possible, and 
this by curving off the corners as at n o, or better still 
by making, if the plan will admit of it, the sweep or 
complete curve as at p. This straight-line motion is 
that which is aimed at in all flued boiler design ; but 
in many of the forms which have been patented — 
some of which have presented most curious complica- 
tions in the forms or shape of the internal flues or 
tube-flues — what saving has been expected by 
utilising the heat of the gases passing from the 
fire grate to the chimney flue has been lost by 
the errors made in the design, not so much in 
overestimating the economical effect of internal flues 
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^whioh, however, is frequently done — but by the 
ehape or form and the position given to these, in 
forgetfulness or ignorance of the law now under 
notice. Some may fancy that mistakes so glaring 
as that exemplified in fig. 27, at j k I, could not 
be perpetrated ; but we have had to deal with cases 
as bad, if not worse, if worse could be. And we have 
seen that in the case of drainage mechanics as glaring 
a mistake has been made by hundreds of artificers, 
and that through a long course of years. Under 
thLs head all these illustrations have been presented 
to the youthful student in mechanics, not altogether 
in view of the important special lessons of a practical 
kind they are calculated to convey ; but also with the 
object, in one sense not much less4mportant, of leading 
him into that habit of careful thought which enables 
him not merely to understand as far as may be the 
peculiarities of a natural law, but to think of 
subjects from all points of view, or “ all round,” to 
use the graphic expression more than once employed 
in these pages — in that close and direct way which, 
perhaps more than any other faculty possessed by the 
mechanic, secures to him that success in his work 
which we suppose him to be ever striving to obtain. 

notion in Curved Linei. --Centrifugal Force.— Circular Motion, 
or Motion round an Axis or Centre. 

We have seen by preceding paragraphs that the 
uatuml tendency of all moving bodies is to go on in 
straight linos, as the natural tendency of motion is to 
be uniform — that is, to pass through equal spaces in 
equal times. But just as this uniformity in motion, if 
changed, must be changed by some force other than 
the original force which set the body in motion, 
so the natural straightness or directness of that 
motion, if changed — that is, bent or deflected — 
must bo the result of some other force. Motion in 
curved lines produced by a given force may be said 
to be of two kinds. First, that in which continuity 
in the sense of length is its characteristic — as extend- 
ing, say, from point a to h — which line is called the 
path of motion (see fig. 28). Second, that in 
which the direction of the curve is changed more or 


^ H O 



Fig. 28 . y 


leas frequently — as, for example, the motion may go 
from cto d, then from 0 to then by the force be 
dhanged so as to go from g to h, then from j to t. 
Here the paths of movement of the body are such 


that, beginning at point 0 , it goes — or rather is 
compelled by a superior force to go — round by 0 / A, 
till it finally returns to the same point c from which 
it started. When a point or a body moves thus 
in a line which '^returns into itself/’ to use the 



ordinary phrase, the path of the motion is a circle.” 
If any point and all the points of it are equidistant 
from a given point, as A, this point k is called the 
“ centre ” ; and in relation to solid bodies with curved 
surfaces, such as cylinders, cones and spheres, the point 
k is called the axis.” If the body or point move, or 
is compelled to move in a series of curved lines which, 
taken as a whole, “ returns into itself ” in a continuom 
figure or outline other than that of a circle, that figure 
is the ‘‘ ellipse ” — popularly called the oval ; the body 
or point revolving, so to say, round two points (a, 6, 
fig. 29) called the “foci.” The elliptical path of 
motion is that of the movements of the celestial 
bodies ; the circular path is that with which we are 
most familiar, being that of by far the greatest 
number of bodies which move in curved paths or 
lines, — it may, indeed, be said to be the only curved 
movement we use or see examples of around us. 

We have elsewhere alluded to the fact that a circle 
is in fact a polygon made up of an infinite series 
of straight lines, the direction of which, as in the 
lines of all polygonal figures, is continually changing. 
This explains or illustrates the relation of the curved 
line, as 0 d, fig. 28, which a body is compelled to 
take, to the straight line, as n o, which path, as 
we have seen in preceding paragraph, is the one in 
which a body acted upon by a force at the point n 
has a tendency to go, and is, in fact, the natural 
path of motion, which is not acted upon by any 
force or forces disturbing the primary force. The 
arrow q represents the straight line in which it is 
the tendency of tlie body acted upon by a force, as at 
feathered end, to move, — and so on with the other 
lines. The student will perceive readily enough that 
at each change of direction in the sides of the polygon 
which we have seen a circle to be, a foi*ce must act 
at each corner, so to say, with power sufficient to 
“ drag round ” the body moving along from n to 0 , 
fig, 28, po that it will take the direction of line p. 
And the student, remembering that the polygon 
or circle is made up of an infinite number of sides, 
will see that this “dragging round” is going on 
at an infinite series of points — practically speaking, 
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at every point in the curved line. This dragging 
force may be given in a variety of ways; but 
the most familiar example we have of a force pro- 
ducing a circular movement the path of which is 
constantly returning into itself/’ round and equi- 
distant from a given pointi is the swinging of a heavy 
body, as a stone suspended, say in a sling by a cord 
or band held in the hand. We need not at present 
enter into any consideration of intricate points con- 
nected with the ‘‘moving force.” Every schoolboy 
is familiar with the fact that by his bodily exertion, 
or rather by the muscular ft>roe of his arm, he can 
keep the stone in a sling in rapid movement round 
his hand. And the path of this movement he can, 
so to say, adjust in such a way that it will assume 
different positions in relation to his body. He may 
give it a horizontal path round and above his head, 
which path will be at right angles to his body or 
parallel with the ground; the path he gives it may be 
parallel to the length of his erect body, or at light 
angles to the ground ; or he may so swing it that it 
may be oblique to his body or the surface of the 
ground he stands upon. The schoolboy may and 
often does all this, but he does it intuitively and 
without thinking; but if the young mechanical 
student will not disdain to use and to experiment 
with so familiar and simple a “ philosophical instru- 
ment” as a boy’s sling is, he will, by patiently 
thinking out what his different twirls are, receive 
some lessons as to “ circular motions ” the value of 
which in his after duties in workshop practice he 
will then fully acknowledge. In patiently analysing 
€18 best he can — and facility of analyses of these 
kinds will come to him with continued practice — 
these movements, he will in one of them be almost 
bodily sensitive to the fact that he is actually 
dragging round the sling at each change in •the 
direction of its motion — as, say, at the curve c d, 
£g. 28 . He feels that this dragging force which 
is exerted by his hand, wrist and arm, is absolutely 
necessary to counteract some influence which he may 
be said to know intuitively tends, and that more or less 
but always powerfully, to take the stone in the sling 
cut of the curved or circular path in which by the 
force of his muscles acted upon by his volition or will 
he can cdone maintain it, and send it In some straight- 
lined coui*se, as n 0, p, or I m. 

Oentrifligal Force. 

Now, in this influence, of which he is perfectly 
conscious, the young reader becomes acquainted with 
A physical force of a most important kind in mechanics, 
and which, although actually concerned with or 
arising from the very circular or curved motion he is, 
•so to say, creating by his muscular force or exertion, 
is in itself a striking exemplification of the physical 
or natural law explained in the preceding paragraph 


— namely, that all motion is in straight lines. He 
can, while swinging the sling quickly round, have a 
very striking example of this natural tendency of 
moving bodies ; for he has only to let go one of the 
two cords of his leather sling, thus releasing the 
stone embraced by it, when it quickly darts forth from 
it and proceeds or “ flies ” from him in a straight line, 
as above named. That this line is straight even the 
schoolboy soon learns to know, and so to depend upon 
the accuracy of the direct line that, by dint of a little 
prcustice, he can so aim at that he can strike a body 
at some distance from him with the stone which he 
releases from his sling. In ancient times the sling 
was an effective instrument of warfare ; and in the 
“ lasso ” of the South American herdsman, which is 
a long cord and terminated with a loop, we find 
another way in which this tendency is made practically 
useful, — for after whirling the loop round his head 
he at a certain moment lets it go, when, leaving its 
circular path, it darts off straight to its destined 
point — the head or horns of the buffalo or ox which 
it is the object of the herdsman to catch. lieturning 
to the experiment of the youthful student with the 
sling : of the two forces, of which he is now cognisant, 
present in its movement, he feels that one is that of 
his wrist or arm in constantly dragging round the 
stone — “ forcing it,” to use the popular yet most 
suggestive phrase, to travel in a circular direction; 
and the other that which, if left free, forces it to go 
off in a line perfectly opposite to that of the curved 
one — that is, in a straight line. This “ force,” which 
is found to exist in all bodies compelled to move in 
a circular direction, is that to which the name of 
“centrifugal” is given. Centrifugal force is, then, 
that which is prompting, so to say, all bodies so 
moving to fly away from or leave the centre, and 
this always in straight or direct lines. The tern is 
derived from two Latin words, centrum, a centre, and 
fugere, to fly — so that this force may be defined as 
a “centre flying” or “leaving” one. The opposite 
or converse “ force ” — ^namely, that which compels a 
body to seek or move towards the centre — is ccdled 
“ centripetal,” from two Latin words, centrum, 
and petere, to move forward or towards. The force, 
such as that of the muscular power of the body in 
the case of the sling, which drags round the body, 
compelling it to leave the natural straight line, is the 
“ centripetal force ” — ^while, when the sling is released 
and the stone left free to move, it is the “ centrifugal ” 
force which by its action sends forth the body in a 
straight line, the length of which and the velocity 
with which it moves along it is dependent upon the 
velocity of the body while it wets compelled to move in 
a drci]^ direction ; and the momentum or force with 
which the stone strikes the body aimed at is dependent 
upo n^ weight or mass and its velocity forwa^* 
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THE OEOKETEICAI DEATOETSMAH. 

His Wobc in thb Gokstbuotion ov ten Fioebeb 
AND FBOBLEHS of PLANE GBOIIBTET, XJBSFEL IN 
Tbohnxoal Work. 

CHAPTEE XV. 

At the conclusion of the preceding chapter^ we began 
to describe the method of obtaining a nonagon within 
a given circle. We now conclude this by the following. 
Join the centre a to the point ^ by a straight line, 



which will cut the circumference at A: we obtain 
thus the arc d 4, which will be nearly the side of the 
inscribed nonagon, and which is taken and set off nine 
times round the circumference of the circle. Each 
angle of the regular nonagon is equal to 140°, 

The decagon,” or ten-sided polygon, is illustrated 
in fig. 76, which also illustrates the method of inscrib- 
ing the figure within a given circle. To obtain the 
side of the inscribed decagon, divide the radius into 



mean and extreme proportions. The largest division 
obtained will be the side of the decagon, which will 
divide the circumference exactly into ten parts, if 
set off from the point 4. 

Divisions or sides of the inscribed decagon may 
be obtained by first dividing the circle into five equal 
parts, by the method shown in fig. 1, Plate CCXV. 
Then dividing each arc into two equal parts, we obtain 


ff 

the ten points of the angles of the decagon. Each 
angle of the regular decagon is equal to 144°. 

The dodecagon ” is a twelve-sided polygon. To 
find the twelve points of the angles of the inscribed 
dodecagon in fig. 77, first carry the ludius, a 5, six 
times round the circumference ; then divide each of 



the six arcs, as 6 c, c cf, e, and g 4, into two 

parts, as at 4 and i ; and in this way the twelve points 
of the regular inscribed dodecagon will be obtained, 
which join by lines, as in the diagram. Each angle of 
the regular dodecagon is equal to 160“. 

The method of finding by approximation the side of 
any regular inscribed polygon may be as follows : — 
Suppose that we wish to obtain the side of the nona- 
gon as in fig. 6, Plate CCXV. Having divided the 
diameter, a b, of the circle into as many parts as the 
polygon which we wish to obtain has sides, from the 
points a and h as centres, and with a radius equal to 
this diameter, we determine by two arcs the point of 
intersection c. Through this point, and the second 
division, cf, of the diameter, draw the straight line c e ; 
the chord 6 e of the arc hfe will be the side of the 
polygon wanted. 

We may also obtain the summits of the angles of 

I 

I 


I 

I 



^ 
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Fig. 7S, 

any regular polygon by the method illustrated in 
fig. 78. If, for example, we wish to obtain the five 
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points of a regular pentagon, we take the circum- 
ference as 360°, and, by dividing this number by five, 
we obtain 72° as measurement of each of the five 
angles, which we draw i*ound the point o, thus giving 
equal lengths, o a, o 6, o c, o c2, and o e, to the five 
radial lines of these angles, and we obtain the five 
points of the angles of the regular pentagon. 

‘‘ Irregular polygons ” are those figures the sides 
or angles of which are not equal, as in fig. 79. To 
describe an irregular polygon, divide it into triangles, 





drawing lines from one of its diagonals (as from a to 
h, c, d, and e) to all the others. There will always be 
as many triangles as the polygon has sides, less two. 
This being done, draw each triangle successively in 
the same order as the copy, by the same method which 
has been given to construct the scalene triangles. 





The surface of every irregular polygon is equal to 
the sum of the surfaces of the triangles which com- 
pose it, as the angles a / b, a e b, a d c, a e df and 
a e g. The sum of the angles of a polygon is equal 
to that of as many times two right angles as there 
are sides, less two, in the polygon. 

Irregular polygons with re-entering angles. — ^To 
copy or measure any irregular polygon with re-entering 
angles, as in fig. 80 in text, divide it into triangles, 
which draw in the same order if it is to be reproduced, 


or which measure if the same surfaces are to be set 
out anew. The triangles into which the figure is 
then divided are as follows : a 6 o, a e/, a/ g, ago, 
h od, hj hf b Ic hy I h I i a. 

To construct a polygon equal to a given polygon. — 
First, by decomposition into triangles. This decom- 



position may be effected in different ways : either by 
joining a summit, a (fig. 81), of the polygon to all its 
other summits, as already shown, or by taking any 
point i and joining it to all these summits. It is 
only necessary then to determine in succession each of 
these triangles, and to reconstruct these triangles one 
after the other. In the diagram in fig. 81 we sup- 
pose that we have taken no other dimensions than 
those of the lengths of the sides, and of the diagonals 
aCy a dy etc., or of the lines ^ a, i by i c, etc. This 
method of decomposition offers, from a practical point 
of view, a very serious disadvantfige ; for we aro 
obliged to build, as it were, triangle upon triangle, in 
such a way that, if there is a large number of them, 
the last may 1)e burdened with all the mistakes made 
in the preceding ones, and theii* position be thus 
considerably altered. For it is to be noted that, 
however small the mistake made in measurement may 
be at first, tliis increases in such a rapid ratio that 
the error will be very serious at the conclusion of the 
construction. 

The following method does not present this dis- 
advantage : it allows us, on the contrary, to determine 
separately each point of the polygon, so as to render 
the position of any one independent of the errors 


c 



which have been made in finding the position of the 
others. This method is by decomposing the figure 
into a series of trapezia. Let abed ef gh (fig. 82) 
be the polygon given, which is to be reconstructed. 
Draw in the plan of this polygon any line whatever, to 
which^five the name of axis ; and upon this line drop 
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tbe perpendiculars a a, B 6, o o, d etc. Measure these 
perpendiculars^ and also the distances u bf ct h, d c, d d, 
etc. Each point of the polygon may then be put in 
its place by drawing, at a convenient part of the 
paper, a straight line, as a/, and setting off upon this 
from any point, as a, lengths a bf d h, d c, a d, etc., 
and by raising, at the different points thus obtained, 
perpendiculars a d, b h, u h, o c, etc., equal to the 
lengths previously measured. It only remains, in 
order to finish the construction of the polygon, to 
join the points thus obtained in succession. 

In concluding our constructions or problems in 
connection with straight-lined figures, as polygons, 
we deem it necessary to explain certain terms and ex- 
pressions which are often confounded with one another, 
and give rise to ideas in the minds of students of 
geometrical construction. We shall endeavour to 
give here the exact definitions of the following 
expressions : equal figures,” ** symmetrical figures,” 
‘‘ similar figures,” and equivalent figures,” all of 



which are popularly supposed to be synonymous, mean- 
ing the same thing, which they do not. First as to 
equal figures,” Equal figures are those which have 
the angles and the sides equal and placed in the same 
direction, as in fig. 83. Two equal figures placed one 
upon the other should coincide perfectly — that is to 
say, they should cover each other exactly, without any 
part of either extending beyond the other. It follows, 
therefore, that equal figures have the same surface. 
Second, as to “ symmetrical figures.” We call those 
figures ‘‘symmetrical” which are equal, but whose 
equal sides and angles ai'e placed in a contrary 
direction, as in fig. 83 if we suppose the side d c was to 
be placed where the side 5 is — that is, side c" d' to the 
right and c d tx> the left. The two hands, the two 
feet, and all the double organs of man ai*e symmetrical 
figures. Symmetrical figures are equal in surface. 
Third, as to “ similar figures.” We call those figures 
similar which have all their angles equal each to each, 
and the corresponding sides proportional, as in fig. 84. 
Similar figures may be veiy different in surface. In 


giTnilA.r figures we call those angles homologous which 
are equal each to each, and those sides homologous 
which join the points of two homologous angles. 
Thus the angle a (fig. 84) is homologous to the angle 
A ; the side 6 c is homologous to the side b c. Fourth, 



Fig. 84. 

as to “ equivalent figures.” These are figures which 
have the same area or extent of surface, as in fig. 85. 
Two equivalent figures may be dissimilar as to their 
forms : for example, a triangle may be equivalent to 
a square, to a rectangle, etc, Thu.s, the surface of 
a meadow in the form of a parallelogram three acres 



Fig. 85. 


in extent would be equivalent to that of a piece of 
gi’ound in the form of a triangle if, in this triangle, 
the base multiplied by the half of the height gave us 
a number of square yards equal to tliree acres. 

The points connected with the problems on right 
or straight-lined figures are of great practical import- 
ance, as much of the work of the constructive mechanic 
depends upon drawings in which mere surfaces or 
what are called forms, shapes, or figures are concerned. 
With these he is working daily ; and in the rough- 
and-ready method which many artificei's adopt, not 
only as to constructing or forming them, but in 
estimating the extent of their area, though they may 
be ignorant of practical geometry, they are working 
out unconsciously many of its problems and methods. 
These forms and figures, and those about to be de- 
scribed, are also of great use in many of the larger 
operations of the land surveyor and the architect. 
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IHE CALICO PBUTTEB. 

Tax Chxiostbt and Tsgrnioal Opebationb of hm 
Taade. 

CHAPTEK XVIIL 

VegeUbie Coionriag-Xftttm (r(fMtiJttted).-^litmn§. 
This dye is prepared in a somewhat similar manner 
to orcM, bat with the addition of pearlash, from the 
lichens RcccMa lecanora and variolariay which grow 
on the coasts of Norway, Sweden, and the Canary 
Islands. The blue pulp so obtained is dried, and 
constitutes the litmus of commerce, as an indigo-blue 
cake, which readily dissolves out a blue liquid with 
water or alcohol, which turns red on the addition in 
excess of an acid, and blue again on adding excess 
of an alkali. Hence it is largely used in the labo- 
ratory as a test for acidity and alkalinity. It is not 
used in calico printing, except in rare cases, when an 
unhxed violet is obtained by printing on the thickened 
neutral aqueous solution. 

Fenian Berries. 

This important dye-ware is the seed-bearing 
fruit of the buckthorn, and of several other 
species of the genus of shrubs Rhammia, growing 
in Persia, the Levant, Eoumania, and various parts 
of southern Europe. The benies are about the 
size of peas, and are marked with semicircular de- 
pressions ; they are of yellow or green or black colour, 
according to age. The latter are generally deficient 
in tinctorial properties, as are also those of too yellow 
a shade. They should be collected unripe, or 
when they have attained a greenish-yellow colour. 
They are brittle, and when broken of yellow 
colour ; they emit a peculiar odour, and are of bitter 
taste. They contain several compound bodies, but 
the essential colouring principle is a glucoside 
termed rhamnin by Lefort (CJ2H13O5 -f HjO), which 
dissolves out slightly in cold water, but readily in hot 
water or alcohol. This body, which is the valuable 
principle in berries, crystallises in yellow silky needles, 
and is probably identical with the colour contained 
in quercitron hark. On treating berries with boiling 
water a yellow-greenish solution is obtained, which 
is the liquor that is used in dyeing, etc., and exhibits 
the following properties ; dilute alkalies turn it 
orange ; dilate acids give a slight precipitate ; alum 
yields no precipitate; acetate of alumina boiled gives a 
splendid bright-yellow precipitate, which is the colour 
made use of in calico printing and dyeing ; gelatine on 
boiling gives a flooculent precipitate ; lime-water turns 
greenish and forms a slight precipitate. Persian 
berries 3deld a bright yellow with alumina mordant ; 
yellow with tannic acid ; orange-yellow with tin ; olive- 
green with iron. The aqueous extract (which when 
dried constitutes the rhamnine of commerce) is used 


ohiefiy in oalioo printing to produce a yellow with 
acetate of alumina, and a green with aniline blue 
or aniline green, and also a green by printing and 
steaming with prussiate of tin* 

Bark or Qnoroitron. 

This is the inner bark of various spedes of trees 
belonging to the natural order of AmerUacece, known 
as Ottei^cuB nigra or black oak, Querotu digitata^ 
Quercua tinchria, and Querom trifida. The black 
oak, which yields the bulk of the bark in the 
market, is a tree twenty-five to thirty metres high, 
which grows in the forests of Pennsylvania and other 
parts of the United States. The epidermis, which 
is black, is removed, and the bark is ground or 
rasped, and is ready for the market, or for conversion 
into extracts. These, as in the case of logwood, are 
made by extracting with water and evaporating down 
to the desired strength. 

Ground or chipped bark of commerce is a rough 
powder of yellow or buff colour, which yields with 
water a yellow liquid, which dyes up cloth properly 
mordanted with alumina, yellow ; with tin, orange ; 
with iron, olive, darker than in the case of berries — 
or when a stronger mordant and liquor are used, a 
black. The aqueous solution is turned orange by 
alkalies ; it is not much affected by acids. In calico 
printing ground bark is used for dyeing yellow or 
olive upon alumina, tin, and iron mordants. 

Extract of bark is a dark-brown liquor or syrup^ 
largely used in printing, generally in conjunction 
with logwood extract in producing a black, with 
acetates of iron and chrome. 

The tinctorial principle of bark is^uej^citrin, which 
closely resembles in properties rlianinin of berries. 

It contains, however, a large percentage of another 
body — ^namely querci'Umnic acid, which is the chief 
cause of the deep-black colour obtained from bark 
with iron or chrome. 

Flavine is quercitron bark prepared by a special pro- 
cess whereby a yellow powder is obtained, which yields 
very bright and fast yellows with tin and alumina 
mordants. It is much stronger than the bark, for 
the first-class flavine contains ten to sixteen times as 
much colouring-matter as bark. The best quality is 
manufactured in America, but a considerable amount 
is made in England by the following process : — ^Two 
tons of bark are mixed with four tons of water; 

2 cwt. of oil of vitriol is added, and steam is passed 
into the mixture for twelve hours. It is then run 
upon woollen filters, and washed with water until all 
the acid has been removed ; pressed, dried, and served. 
Flavine may thus be said to stand in the same rela- 
tion to bark as garancin does to alizarine. For use in 
printing flavine is extracted with boiling water, the 
insol|j||ie matter settled out, and the aqueous solution 
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evaporated to the desired strength. It is emptoyed 
for dark-yellows, oranges, and olives. 

Weld. 

This dye is the extract of a dried plant known as 
Eeseda luteola, a small herb cultivated in various 
parts of France, Germany, and Austro-Hungary, and 
formerly grown in this country. The weld plant is 
sold in sheaves like straw, of a yellowish colour — 
which on boiling under pressure with water, or by 
extraction with alcohol, yields the weld extract of 
commerce. Extract of weld may be used for the 
same purposes as berries in printing, — ^namely, the 
production of yellow, alumina and tin being the mor- 
dants, — but has fallen into disuse. 

The colouring principle of weld is named hiteolinf 
which dried at 150^ has the formula ^ 

a yellow substance crystallising in needles, which are 
slightly soluble in water, soluble in alcohol and ether, 
or boiling acetic acid. 

Fuitic (Yellow Brazil-wood, Cabo-wood). 

This dye-ware is the decorticated wood of Moms 
tinctoriaf a tree growing wild in various distiicts of 
India, and in Mexica, Cuba, Jamaica, and some paits of 
South America. The wood, which is of canary-yellow 
colour, is sold generally as a coarse powder, or in 
chips, which having a ** fermentation ” similar to that 
of logwood, readily yields on treatment with water 
pale-yellow liquid which dyes alumina-mordanted 
cloth yellow, closely resembling that obtained with 
quercitron bark, and resembling the latter dye in 
most other respects. It contains two colouring prin- 
ciples, or rather modifications of the same, named 
morine and the former readily passing into 

the latter modification by oxidation. 

Fustic is used for dyeing both cotton and wool 
yellow. The fustic liquor and extract of commerce 
are extracts of the dye obtained by boiling with 
water and evaporating down. They are used in 
printing similarly to quci-citron bark, both for yellows 
and combined with logwood blacks. They are also 
employed for making yellow carmine or lake, also red 
fustic lake. 

Aloez. 

This is the dried juice of difierent species of the 
Aloe genus of plants. It was formerly used in 
dyeing, but has now been superseded ; it yields indif- 
ferent shades of yellow, pink and purple on silk and 
wool, and rather poorer shades on cotton mordanted 
with tin, alumina, etc. 

Tnrmerio. 

This is the yellow or buflT coloured chipped or 
rasped tuber or underground stem of the Curcuma 
tinctoriay a plant belonging to the Sdtamvneoe^ which 
grows in some parts of China and India. The com- 
mercial product^ mostly comes from Bengal and Java. 


» 

Boiling wateri or cold alcohol, or ether, or the fatty 
and essential oils, extract a yellow-coloured liquid 
which has the characteristic property of readily 
changing to a red-brown by alkalies, and returning 
again yellow on addition of an acid. It dyes up wool 
and silk a beautiful but fugitive golden yellow, and 
cotton a bright but also very loose yellow. The 
alcoholic solution may be printed on cotton without 
a mordant, and after steaming or ageing, slightly 
attaches itself to the cloth ; cold dilute soap turns it 
red-brown, and daylight soon destroys the shade. 
Turmeric is used in the laboratory as a test for 
alkalies. 

jlniiatto (Anotto, Bocon, Bixin, Orleani). 

The- fruit of a South American shrub named 
Bidca Orellana^ is surrounded with a pulp, which after 
fermentation ” is dried and constitutes the annatto 
of commerce. On timtment with water a yellow 
liquid is obtained, containing a yellow colouring 
principle termed orellin. This solution dyes up cloth 
mordanted with alumina a fine bright yellow ; the 
residue, however, yet contains a tinctorial body named 
hixin. Indeed, the chemistry of annatto is not 
thoroughly understood : it contains several compli- 
cated substances the exact tinctorial properties of 
which has not been fully ascertained. In printing 
with annatto caustic soda is used as the solvent of the 
colouring principle. 1 lb. annatto paste is boiled 
with 1| gill caustic soda at 18® T. After thorough 
boiling 1 oz. tartaric acid is added, and 6 oz. ground 
alum; these ingredients are well mixed, thickened 
with starch and British gum, printed, steamed, and 
washed. A bright orange-yellow is obtained, which 
resists soap and light modeiutely well, and rapidly 
fades in the sun. 

Oateeha (Cnteh, Gambier, Terra Japonioa, Oaehew). 

Under these and other names are known a variety 
of vegetable pi-eparationa which are laigely used in 
printing and dyeing for obtaining various shades 
of black, brown, and chocolate. These d 3 "e-stuff 8 , 
sometimes termed astringents (see the Cyclopcedic 
Technical Dictionary ”), consist of the diied aqueous 
extract of a great variety of plants, and contain tannic 
and gallic acids and several colouring bodies closely 
allied to those two substances. Genuine catechu is 
obtained from the wood of Acacia catechu^ a tree 
belonging to the Leguminosae, division Mimosa), and 
growing in Hindostan and the Indian Archipelago. 

Theory of the Use of Catechu in Dyeing aud 
Printing^ — Catechu contains (1) a variety of tannin 
named catechu-tannic acidy an amorphous, colourless 
tannine, which dissolves in cold water, and is thrown 
down by gelatin, and also as a dark greenish pre- 
cipitate by persalts of iron. According to Dr. Davy, 
Bombay catechu contains about 50 per cent, of this 
body. 
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THE OOLOITE HAHUFACTUEEB. 

WITH PBAOTIOAL NOTES ON THB TTSB OP PAINTS AND 
DTES IN DBCOBATIVB WOBK. 

PABT PIBST.-^PIOMENTI. 

CHAPTER X. 

The Chemistry of Copper Compoimdi. 

In continuation of this paragraph, begun at the end 
of our preceding chapter, we have to state that it 
is to the class of salts formed by cupric oxide 
that most copper-green pigments belong. They 
possess the remai'kable property of being almost 
colourless in the anh}'drous or dry state, but green or 
blue when in the hydrated condition or united with 
a certain propoition of watei’. Hence, when green 
copper pigments are heated but slightly, they lose 
their colour; and they frequently alter in shade 
very slowly by mere prolonged exposure to the air. 
Light has also a destructive action upon many copper 
pigments, the action undoubtedly being simply the 
escape of the water of hydration. The principal 
compounds of copper which are insoluble, and to which 
belong copper pigments, are (1) various hade salts, also 
termed oaiy-salts, as the oxy-chloride, Cug02‘Cl2*(H20)4, 
which is a light-blue compound formed as a green 
precipitate, when cupric chloride is decomposed by 
an excess of caustic soda. It occurs native as ataca- 
mite, Seveml basic sulphates exist ; thus, by sub- 
jecting sulphate of copper to a gentle ignition for 
several hours, an orange-colovmed powder is obtained, 
CugSOg, which by the action of cold water is par- 
tially transformed into an insoluble basic salt of the 
composition CuSo4 + Ca(OH)2. Another basic sulphate 
occurs native — brochantite, CUSO4 + 8Cu(OH) — 
which is a mineral of a bright-green colour. (2) 
Certain basic phosphates are green insoluble bodies : 
thus, lihethenite is a dark olive-green mineral, 
CUPO4 • CuOH ; Bud. psevdo-malachite (Cu0H)3P04, is 
emerald green. ( 3 ) The arsenates are green insoluble 
bodies — as the ortho-arsenate, Cu3(A604)2* 2H2O, a 
blue compound obtained by gently igniting together 
arsenate of lime and nitrate of copper. ( 4 ) The 
arsenites, as CuHAsOg, which forms an important 
pigment known as Scheele’s green, and under 
which heading we treat it. ( 5 ) Two dlicatea occur 
in nature as bright-green minerals : thus there 
are dioptaae or emerald copper^ CuH2Si04, which 
is bright green, and chryaocolla^ CuH2Si04*H20, 
which is blue. (6) Several basic carbonates, as 
malachite^ OuCOg • Cu(OH)2, are insoluble, which 
latter we treat as a pigment used in the arts. 
( 7 ) Sulphides : the cuprous sulphide, CujS, is black 
or grey, formed when copper and sulphur are ignited 
together, and also occurs native as copper-glance or 
chalcodte. The cupric sulphide, CuS, is a dark-brown 
compound formed by the action of sulphur or sul- 


phuretted hydrogen, or an alkaline sulphide on a 
cupric salt. Therefore copper pigments, when sub* 
jected to sulphurous gases (as bad coal-gas), 
become more or less injured from the formation of 
copper sulphide, and this is one of their worst 
faults. The reader will thus understand the 
principles of the use of copper pigments, and will 
appreciate the better our remarks upon the fastness 
or stability of copper green compared with other 
greens. (8) Borate, ( 9 ) Stannate, ( 10 ) Zincate, 
( 11 ) Acetate and Aceto-arsenite, are all insoluble 
com}X)und8 of copper, which are treated under their 
respective headings. 

We now proceed to a short review of the methods 
of making and using such of the abov^e -enumerated 
compounds as are found to be applicable for the 
purposes of the decorative arts. 

Malachite Green, 

Malachite, or mountain green, is a basic carbonate of 
copper, having the composition CuCOg* Cu(OH)2. It 
occurs native in many localities in Cumberland, and in 
the mountains of Kemhausen, as a beautiful green ore, 
and is simply ground to powder and washed, to render 
it fit for use. The ore is much used by jewellers. The 
shade of this natural pigment is brilliant, and varies 
from emerald green to grass green. It is not very 
fast against the action of light and damp air ; sulphu- 
rous gases and alkaline liquids injure it, sulphur 
blackening it by the formation of the black sulphide. 
It is not injured by the prolonged action of dry air. 
Carbonate of copper may be prepared artificially by 
the cautious precipitation of bluestone with carbonate 
of soda, avoiding an excess of the latter ; and careful 
washing and filtering render the precipitate fit for use 
as a pigment. 

Malachite, or mountain green, is largely used in 
line painting, but is inferior to Scheele’s and other 
pigments. 

Brunswick Green. 

Genuine Brunswick green is an oxychloride of 
copper, of a bright but rather pale green colour. It 
is largely employed in house-painting, but not in 
fine-art work. When the ammonio-chloride of copper, 
NHgCuCl, is treated with water, it foims a green 
precipitate, insoluble in water. Also, when an 
aqueous solution of cupric chloride, CugClg, is treated 
with a quantity of potash insufiScient to decompose 
the whole of it, a pale-green precipitate is formed, 
which, on heating, is converted into a black powder ; 
and on again treating with water yields a fine green 
powder, having the composition represented by the 
equation 2 CugClO* 3H2O. This is true Bininswick 
green,” It may be produced on the large scale 
by allowing hydrochloric acid to act slowly on poor 
copper oi-e with exposure to the air, the green oxy- 
chlbme being gradually formed, together with a 
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proportion of the hydrated protochloiide of copper, 
according to the equation 

6 Cu^Cl+Aq-f 03=4 CuOl+Aq-f 2 CuCl4-3CuaO. 
It is collected, washed by careful decantation, after 
the ore unacted upon has been removed by mechanical 
means, and filtered. 

Another largely employed method for making 
Brunswick green is to expose copper foil or clippings 
to the air, moistening it repeatedly with hydrochloric 
acid or sal>ammoniac, and then, when the copper has 
been sufficiently acted upon, treating with water. 

Brunswick green occurs native in the form of the 
mineral atacamite, which, we believe, was formerly 
ground, washed, and employed as a pigment. 

Brunswick green is but a moderately stable pig- 
ment. It is very susceptible to the action of heat ; 
when gently warmed, water is gradually given off, and 
it assumes a dark colour ; when more slowly heated it is 
completely decomposed, hydrochloric acid is given off, 
and it is converted into the black oxide of copper. It 
is insoluble in water; it stands exposure to the air 
for a long time. It is acted on by dilute acids and 
strong alkalies, which readily dissolve it. 

It is used in house-painting, but never is employed 
in fine-art work. 

Many of the ‘‘ Brunswick greens ” in the market 
are not in reality such, but are mixtures of Prussian 
blue and chrome-yellow, or vegetable lake yellow, 
the detection of which will be readily effected by 
the means we have before refen^ed to or may hereafter 
describe. 

Yerditer or Bremen Qreen, or Green Bioe. 

This pigment is very similar in properties to Bruns- 
wick green, and does, in fact, consist largely of an 
oxychloride of copper, together with cupric hydrate 
and more or less of salts of the alkalies which form with 
this a double salt of copper and alkali. One method 
of manufacture consists in exposing scrape-copper to 
the air, as damp as possible, in large shallow vessels, 
together with moiat common salt and sulphate of 
potash. In place of the latter salt some makers add 
a larger quantity of common salt, together with dilute 
sulphuric acid. When the copper is completely 
decomposed, it is mixed with about 7 per cent, of 
sulphate of copper (blue-stone) dissolved in water, and 
then 40 per cent, of a solution of caustic soda at 32° 
to 36° B 6 . added. The precipitate is well washed by 
decantation, and filtered into a thick pulp, when, if 
necessary, a further quantity of water is expressed in 
a filter press, when it is ready for use as a green pig- 
ment. Careful preparation jdolds a useful green for 
house-painting, but it is inapplicable for fine-ari work. 
As regards stability, it possesses the same objection 
as true Brunswick green, than whicli, indeed, it is 
commonly held in less regard. 


YerdigrU OmiL 

This well known and ancient pigment is a sub- 
acetate of copper, represented by the formula 
(CuO) 2 ‘ C 4 Hq 03 * 6 HjO. As a pigment it does not 
possess many advantages over those last named, being 
equally sensitive to the action of foul gases and pro- 
longed exposure to damp air. It is obtained by spread- 
ing copper clippings into a layer in a shallow vessel, 
and pouring over them a solution of acetate of copper, 
obtained by the action of vinegar on copper clippings 
or filings, and then covering with the skins of grapes 
undergoing acetous fermentation. Formerly much 
used, but now seldom ; it has lost its reputation as 
a bright green, owing to its instability to light and 
moist air. It is not employed in fine painting. 

Boheele*! Green, 

also known in commerce under the names of Swedish 
gi'een, Vienna green, Kirchberger green, and Mitis 
green, is an arsenite of copper, obtained by mixing 
solutions of cuprous sulphate (blue-stone) and arsenite 
of potash, and washing the brilliant dark-green pre- 
cipitate that forms. Owing to its highly poisonous 
nature, it is now seldom employed, as it possesses 
no material advantages over other equally cheap non- 
arsenical greens. 

Under the names mineral green, Paul Veronese 
green, English green, Neuwied green, there occur in 
the market pigments which, on analysis, turn out to 
be nothing else than mixtures of Schoolers green with 
sulphate of lime. 

Schweinfurt or Emeralcl also known in the 

market under the names of Mitis green and Imperial 
green, and, as if to confuse artists as much as possible, 
often designated Vienna green and Brunswick green — 
is an aceto-arsenite of copper. It is most conveniently 
prepared in the following manner : — .1 lb. white 
ai'senic (As^Og) is boiled in a solution of 22i oz. 
pearlash in 1 gallon of water until dissolved. This 
is then gmdually mixed with a hot solution of 1 lb. of 
sulphate of copper in as little water as required to 
dissolve it. The mbcture is well stirred, and kept 
near the boiling temperature for some time, and is 
then filtered, and acetic acid added until it assumes 
a bright-green colour; a slight excess of acetic acid 
is then added, and the mixture is boiled, washed by 
decantation and filtered, and is ready for use. 

Having now described the common and well-known 
copper greens, it remains for us to glance at other 
green compounds of copper which have been proposed 
as pigments, but which possess no material advantages 
over those already given. 

Copper Borate is a compound of a yellow-gi’een colour 
of moderate permanence. It is prepared by precipi- 
tating sulphate of copper with borax, washing, drying 
and carefully igniting, levigating, drying and grinding 
for use. It is deficient in body. 
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CHAPTER XXII. 

Pbocesdikq with our description of the methods of 
obtaining the positions of ‘‘ lines of heights ** on the 
plan of the building to be put into perspective, as in 
fig. 1, Plate VIII., we have to state that similarly for 
the side elevation, one line of heights will be required 
for the elevation on the line o n, and another for the 
recessed portion. Prolong the line b c until it inter- 
sects the line h h : the point of intersection will give 
the position of the line of heights for the elevation on 
the line b c ; by prolonging the lines n n, n c, until 
they intersect the line h h, the positions of the 
respective height lines will be obtained. In fig. 2, 
Plate VIII., the positions of the lines of heights are 
obtained by prolonging the lines b c, j' j, o d, d e, 
until they intersect the line h h. 

When the architect or student is drawing the 
plates shoT^Ti in figs. 1 and 2, Plate VIII., tol a 
larger scale, or the plan and the diagram of the 
** station point,** “ vanishing points,** and the positions 
of the lines of heights of any building or object of 
which a perspective is to be prepared, the following 
points should be attended to, so as to avoid incon- 
venience and loss of time. The distance between the 
vanishing points should not be greater than the length 
of the drawdng board on which the drawing is 
^‘pinned’*; should the distance be so great that no 
drawing board is available, then the drawing should 
be pinned or better still damped and gummed round 
its edges to a drawring desk, and the positions of the 
distant vanishing points marked, so that they can 
always be found when wanted ; a long bay wood bevelled 
straight-edge cut to the required length must also be 
provided. The explanation of the technical terms given 
above has been confined to the plan ; we must now direct 
the readei*8 attention to the perspective proper, or 
rather in the first instance to the sheet of paper on 
which it is to be drawn, which may be reprasented by 
▲ BCD, figs. 8 and 4, and thus represents the 
‘‘picture planes*’ or line h n, figs. 1 and 2, Plate 
VIII. Two lines must in the first instance be 
drawn, extending from right to left and parallel to 
each other ; the “ horizontal line ” and the “ ground 
line.” First draw the “ ground line ” E F in such a 
position that the perspective will occupy the centre of 
the sheet w ith equal margins above and below. The 
centre line, o g, of the sheet should then be faintly 
drawn ; mark off on the line g o the height of the 
“ horizontal line ” above the “ ground line ” to the 
same scale to which the plan, figs. 1 and 2, are drawn. 
Presuming that the perspective is intended to repi*e- 
sent the appearance which the building will have to 


an individual standing at the point o, figs. 1 and 2,, 
Plate VIII., then the height of the horizontal line above 
the ground line will be, say, 15 ft. 6 in. j if the view 
wei^e taken from an elevated position, as for instance 
the wrindow or roof of a neighbouring building, then 
the height to be scaled off would be 20, 30, or 40 ft.^ 
as the case might be. Suppose the required height 
has been marked off at the point x, then draw the Uno 
H H through the point x parallel to the line E f ; H h 
will be the “ horizontal line.** The various points on 
the line H n, fig. 1, Plate VIII., must now be trans- 
ferred to the line h h, fig. 3, Plate VIII. First take 
the line j j from fig. 1, which represents the length 
of the intended perspective, and mark it off on the 
horizontal line, so that the centre line G o bisects* 
it ; let the points j'" j”' represent the length of the 
proposed perspective. Next carefully measure off all 
the various vanishing points and lines of height on 
the picture plane h h, fig. 1, and transfer them to- 
the horizontal line on fig. 3. This is easily and 
accurately done by means of a long strip of paper ; in 
Older to avoid confusion, mark each point respectively,. 
V p vanishing point, and h l height line. Through 
the points marked h, l, draw lines at right anglOvS 
to the “ horizontal lines,” — these are the lines of 
height.” 

On fig. 3 the height lines and vanishing points 
shown on fig. 1 are drawn, and on fig. 4 the height 
lines and vanishing points shown on fig. 2. 

The general arrangement of these diagrams must be- 
applied to every pei*spective, whether an exterior, an 
interior, or a bird’s-eye view, — and equally so if the 
perspective is to represent the simplest and smallest 
cottage, or the largest mansion or cathedral ; it is 
absolutely necessary, therefore, that these introductory 
remarks should be thoroughly understood before the 
reader proceed: to the next portion of the paper. 

In figs. 1 and 2, Plate VIII., the plans have 
been drawn parallel to the sides of the plate, the 
lines of the picture plane diagonally across it, and 
the plan diagrams and elevation diagrams have 
been kept separate ; in practical perspective it is 
generally found simpler to reverse this arrangement 
of the plans, and to draw the diagram of the elevation 
below that of the plan, if a sheet of drawing paper 
of suitable size can be obtained. This arrangement 
is shown on Plate XV., which simply consists of the 
diagrams shown on Pbite VIII. arranged as they wouldf 
be by the practical perspective draughtsman. 

Having in the preceding chapter detailed the 
general principles of applied perspective, we shall now 
proceed with a practical example of perspective, and 
explain step by step the process of preparing a per- 
spective view of the villa illustrated on Plate LXX. 
by front and side elevations and ground and first 
flg|r plans. The two principal elevations are, of 
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cooTie, those containing the windows of the entertain- 
ing rooms and the main entrance ; a pcwt of sight, a, 
must therefore be selected from which they can both 
be seen. A diagram, Hate XLYII., must then be 
prepared on a suitable sheet of drawing paper, care> 
fully pinned on a substantial drawing board, similar 
to the diagrams shown on Plate XY. Commence by 
placing the point of sight, a, on the paper, and firmly 
fix an ordinary pin in an upright position at the 
point. Through the point of sight draw a vertical 
line, A D, with a T -square from the top to the bottom 
of the drawing paper ; two lines, a b, a o, must then 
be drawn, meeting at the point of sight, enclosing an 
angle of sixty degrees, which must be bisected by 
the vertical line just drawn. These lines, A b, a o, 
will enclose the extreme points of the plan of the 
villa. The line of the picture plane must be drawn 
at right angles to the vertical line a n, in the posi- 
tion shoMm on Plate XLVII., in order that the 
perspective may be equal to the length s e, the points 
at which the picture plane crosses the lines a b, a c. 
The next step is to place the ground plan in the 
position shown on the plate, so that its extreme points 
will fall within the lines a b, a o. This is easily done 
by having an outline of the plan drawn on a small, 
separate sheet of tracing paper, which can be moved 
about until the desired position is obtained, when it 
must be firmly pinned down. The position selected 
is one (as already stated) that presents the entrance 
elevation and what may be appropriately called the 
garden elevation to the point of sight a, and rather 
more of the entrance front than of the other. The point 
of sight A is placed as far from the nearest point of 
the plan as the size of the plate will allow; a distance 
equal to the length of the two elevations would give 
a better pei’spective. The reader will of course know, 
from what has been already stated, that only two 
vanishing points are necessary in this instance ; theii 
position on the plan, Plate XLVII,, is obtained by 
drawing the lines a f, a o, from the point of sight a, 
parallel to the sides of the outline plan intersecting 
the line of the picture plane at the points f and o. 
Similarly the position of the lines of heights on the 
plan diagram, Plate XLVII., are obtained in accord- 
ance with the rule given above by prolonging the 
several frontages of the plan until they intersect the 
line of the picture plane. A short study of the front 
and garden elevations and of the plans on Plate LXX. 
will no doubt enable the reader to decide for himself 
how many height lines are required. For the front 
elevation one will be necessary for the gable on the 
left-hand side of the tower containing the drawing- 
room and bediHX)m Ko. 2 windows; this line of 
frontage is therefore prolonged until it intersects the 
picture plane at h l. 

A second height line for the front of the tower and of 


the dining-room gable, which are in the same plane, and 
another for the centre of the tower roof, will be required. 
The garden elevation will require height lines for the 
main wall, the front of the bay windows, the slight 
projections on the first fioor, and the ridge of the 
main roof ; these lines are therefore prolonged as w^, 
as shown on the outline plane, until they intersect the 
picture plane. In order that the height lines may be 
readily distinguished they are drawn thus — . — . — . — , 
and the lines associated with the vanishing points 

thus , on Plate XLVII. The preliminary 

work of the plan diagram is now complete. Near 
the bottom of the same sheet of drawing paper draw 
the ground line (Hate XLVII.), and five feet six 
inches above it the horizontal line, using, of course, 
the same scale as that to which the plans and eleva- 
tions on Plate LXX. are drawn. Fix the positions 
of the vanishing points on the horizontal line by 
drawing the vertical lines r v, o v, from the points 
F and G on the picture plane down to and intersecting 
the horizontal line. It is usual and convenient to fix 
ordinary pins into the drawing board at the points 
V, v', and A, and to keep them in position until the 
perspective drawing is completed, to facilitate the 
drawing of all lines converging to those points. Draw 
the vertical height lines h‘, h*, n», and from the 
intersections on the picture plane to the ground line ; 
these are the height lines. Everything is now ready 
for the commencement of the perspective. The main 
vertical lines of the elevation must be drawn first — 
namely, the corners m, m*, Plate XLVII. ; draw 
lines from these points to the point of sight a, and 
from the points at which they intersect the pictui'e 
plane draw vertical lines to the ground line below. 
Draw similar lines from the projecting comers of the 
tower, and from the points n n to a, intersecting the 
picture plane, and vertical lines to the ground line 
from these intersectioijfis. All the main vertical lines 
of the elevation have thus been drawn. The main 
horizontal lines must be put into perspective next, 
including the ground line, the plinth, the ground and 
first floor window sills, the string course, and parapet. 
Mark off from the elevation all these heights on the 
height lines, measuring from the ground line upwards. 
Commence with the portion of the front elevation on 
the left-hand side of the tower ; from the various 
heights marked off on the height line h* draw lines 
towards the vanishing point v*; the horizontal lines of 
the front of the tower and of the gable on the right- 
liand side of the tower must be drawn in the same 
way, but of course from the height line H*. A por- 
tion' of the elevations of the tower and of the gable 
on the right-hand side of it, parallel to the garden 
elevation, will appear in the perspective p and 
Plate XLVII, Special height lines will not be 
required for them in this case, as the horizontal lines 
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can be drawn from the vanishing point v so as to 
mitre with those already drawn. 

All the mam vertical and horizontal lines of the 
front elevation have now been put into perspective, 
The garden elevation must be taken next. The 
vei*tical lines of the bay windows will be required. 
Connect the points b, r, r', r', to a by straight lines, 
and from the points where they intersect the picture 
plane draw vertical lines to the ground line; the 
heights for the front of the bay windows must be 
marked oflf on the height line h^, and the horizontal 
lines drawn from this height line to the vanishing 
point V. From the corners r', e', of the bay windows 
draw horizontal lines to the vanishing point v' for the 
return ends, mitring with those already drawn. Tlie 
student will now perceive that in every case in which 
horizontal lines of two adjacent elevations mitre with 
each other one height line can be dispensed with : thus 
no height line will be required for the elevation of r m, 
Plate XLVII. As all the horizontal lines mitre with 
those of the front elevation, and as they have already 
been drawn, it is only necessary to connect them where 
they intersect the line k k with the vanishing point v. 
To put the gables into perspective the centre lines are 
required; mark their position on the outline plan. 
Plate XLVII., at s, s, s, s ; draw straight lines, as before, 
from s, s, s, s, to the point a, and from the intersections 
on the picture plane draw the vertical lines to the 
ground line ; mark off the height of the apex of each 
gable on the respective height line ; for the gables of 
the front elevation connect the points on the height 
lines with vanishing point v' by straight lines, and the 
points at which they intersect the centre lines just 
drawn will be the apex of each gable ; for the gables 
of the garden elevation use the other vanishing point. 
Repeat this operation for the bottom or foot of the 
gables, and then connect the bottom with apex. The 
main outline of the perspective is now completed, 
consisting of all the longer vertical and horizontal 
lines and the gables. In order to put the i-oof into 
perspective the roof ndges must be drawn on the 
outline plan, as shown on Plate XLVII., and must be 
prolonged so as to intersect the picture plane in order 
to obtain the position of the height lines; draw the 
vertical height lines, and mark off the heights of the 
respective ridges; draw those parallel to the garden 
elevation down to the vanishing point v, and those 
parallel with the front elevation to the vanishing 
point v'. The roof over the tower is put into per- 
spective in the same manner ; draw the hips on the 
plan as shown at t, Plate XLVII. Join the apex with 
the point of sight a by a straight line ; at the point at 
which it intersects the picture plane draw a vertical 
lino to the ground line, — height line will of course be 
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required ; from the apex r draw a line parallel to either 
of the two elevations, for instance to thd front elevation,, 
as shown, until it intersects the picture plane; from the 
point of intersection draw the height line h', mark off 
on it the height of the apex of the tower roof ; join 
to the point with the vanishing point v' by a straight 
line, and the point at which it intersects the centre 
line of the tower roof just drawn will be its apex z. 
If the height line for the tower roof had been drawn 
on the plan parallel with the garden elevation, instead 
of the front elevation, then the vanishing point v 
would have had to be used instead of the vanishing 
point v'. 

If the reader has, in addition to following tho 
above description on the plates referred to, also pre~ 
pared a drawing — which should, of course, be to a scale 
of eight or four feet to an inch — he will now have* 
completed all the main portions of his perspective, and 
will be ready to proceed to the minor architectural 
features — namely, the window openings, heads, quoins^ 
fi’ont door, steps, and chimneys. The principle of 
drawing these details in pei'spective does not in any 
way vary from that used for the other portions of the 
elevations ; in each case the same simple rules must be 
repeated, and when these are thoroughly understood 
the process of preparing a perspective becomes merely 
a question of perseverance and patience. 

In the above description of preparing a perspectivo 
drawing it has been stated that the various points on 
the plan (Plate XLVII.) must be connected with the* 
point of sight A by a straiglit line, in order to obtain 
the intersection on the picture plane. In practice it 
is not neceasary to draw the line ; the two points (tho 
one on the plan, for instance, m — m* or m^, and the 
point of sight a), are carefully joined by a set square 
or straight-edge, and merely a ‘Hick ” made whero the 
imaginary line intersects the picture plane. In tlio^ 
same way it is not necessary to draw long vertical lines 
from the picture plane to the ground lino, — merely a 
line of approximately the length required ; by placing 
the set-square carefully against the “tick” on the 
picture plane, this can easily be done. The lines con- 
verging to the vanishing point should also only be* 
drawn of the length absolutely required. If these- 
directions were not adhered to, the drawing would* 
soon become a mere confused mass of lines, which 
would cause endless trouble and loss of time. 

Proceeding now to the details of the perspective on 
Plate XLVII., we commence with the windows. There 
are three tiers : the ground floor, first floor, and those in 
the gables and in the tower; they consist of the actual 
openings, the mullions, stone quoins and window heads, 
which must all be drawn on the outline plan, aa on 
the Plate. 
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Thu Details of his Work and the Principles of its 
Processes. 

CHAPTER XI. 

At the end of last chapter we opened up the subject 
of the practical management of the blast furnace, by 
showing the importance of having the furnace quite 
dry before beginning to fire it up. To insure this in 
the Cleveland district, which we selected as an example, 
huge masses of firewood are deposited in the furnace, 
to the weight of a ton or a ton and a half. Then about 
five or six tons of coke is laid on the top of the wood. 
Upon the layer of coke is now laid a sufficient charge 
of coal, coke, flux, and a small proportion of ore, filling 
the furnace up to about one-tliii‘d of its height, after 
which the firewood at the bottom is fired. As the 
flame ascends to the top layer of materials, additional 
supplies of fuel, ore and flux are thrown in — at first 
slowly, and then in increasing quantity. In this, 
however, some care is necessary ; as, if a fresh supply 
of fuel is added before the previous supply is burned 
red, there is a tendency to an accumulation of inflam- 
mable gases, — this, indeed, sometimes happens to such 
an extent as to occasion an explosion. As the fuel is 
consumed, the resulting ashes and refuse are removed 
at tlie fore-part of the stack.'' The water tubes con- 
nected with the tuyeres are provided with the requisite 
water, and the tuyeres properly adjusted. A light 
blast is now driven into the furnace, and more 
materials are added. The accumulated ashes are 
removed, stoppings placed in the tapping hole and 
beneiith the tymp, the bars and brickwork removed, 
the dam-stone bedded. So soon as the cinder falls 
upon the hearth the blast is increased, and so is 
the burden of fuel, flux, and ore. The cinder flows 
in a fluid state to the bottom of the furnace ; the 
melted iron falls to the hearth; the cinder ascends, 
flows through the ** cinder notch " in the dam-stone 
down the “ fald.” At first it will be noticed that the 
resulting cinder is coloured green or brownish, but 
as the process is continued the cinder is of a light 
blue colour. Several hours afterwards the furnace is 
slightly tapped ; but even in small furnaces the blowing- 
in takes a few days, until the furnace is filled com- 
pletely, and after this has been attained full charge 
and blast may without danger be admitted. It is not 
unusual to add a quantity of blast-furnace cinder 
just when the “stack” is filled with hot fuel to 
about half its height, and continue adding a small 
proportion with the other materials until the stack is 
two-thirds full. The object of this is so to heat the 
surfaces of the “ hearth ” before the metal is melted 
as that the fluid iron shall not come in contact with 
the cold hearth, and so stick, occasioning some annoy- 
ance. At the fore part there is an iron grating 


situated about two feet above the bottom of the 
hearth. This arrangement is for the removal of 
ashes. When a sufficient quantity of melted iron 
has collected — i,e. when the surface of the metal has 
become too great to be completely covered by the 
siliceous coating of impurities, and so tends to over- 
flow, the cinder overflowing into the cinder notch — 
the tapping hole is unstopped and the metal run into 
casts on the floor of the casting house formed in sand. 
The mould or cast into which the metal flows consists 
of one large principal channel from which minor side- 
branches radiate. The main runner is designated the 
“sow,” while the smaller channels are the “pigs.” 
When the metal is withdrawn, it is accompanied by 
a small quantity of cinder, to get rid of which the 
blast is continued until the “ keeper ” or fumaceman 
removes all ashes and renews the tymp and tapping 
stoppings. The blast and entire action of the furnace 
now goes on, and repeats what we have seen to be its 
operations. An important point to be attended to, 
before the blast engine is stopped for the operation 
of moulding, is to remove, and not replace until after 
the casting is over and the blast set in motion, the 
sight* hole stoppers in the tuyeres. Should this pre- 
caution not be taken, there is great danger of a 
destructive explosion. This would arise from the gas 
entering the blast pipes from the stack, unless air were 
admitted at the plug-holes in the tuy^ras. When the 
tuyere sight-holes are re-stopped, the nozzles should 
be looked to, to see that they are not in any way 
clogged, thus preventing the free entrance of the 
blast. Another point to be attended to is to see, 
in the technical language of the trade, that the 
“ tweers are bright ” — that is, the fuel burning vividly. 

The Stmotnrei and Appliances need in the Manufacture of 
Pig-Cait-Iron.— The “ Plant ” of the Trade. 

As already incidentally referred to, the blast furnace, 
although of comparatively largo diameter, is charac- 
terised chiefly by its height. Formerly this height 
was relatively low — furnaces of forty and sixty feet 
in height being the rule. But the tendency of 
modern iron making has for long been in the direction 
of increasing the height, and with the height the 
diameter, until a cubical capacity has been reached 
far beyond what the old iron masters ever dreamed 
of. The gradual increase of cubical capacity may be 
learned from a statement of a well-known works — at 
which the furnaces erected about thirty years ago had 
a capacity of 5,079 cubic feet, those erected twenty 
years ago a capacity more than threefold, or 16,000' 
cubic feet, those erected twelve years ago a sixfold 
capacity, or 30,000 cubic feet. And although this may 
be taken as the general limit of increase, furnaces of 
even greater capacity than this have been since 
erected. From a height of forty to sixty feet, fur- 
naces are now common, especially in the Cleveland: 
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district, of a height of seventy, and in some cases 
exceeding even a hundred feet. Taking, however, a 
height of seventy feet as common enough now-a-days, 
even in districts other than the Cleveland, the reader 
will perceive that to raise the materials of the charge 
to this altitude may in some instances of locality 
involve appliances more or less complicated and costly. 

This position, and such considerations as flow from 
it, we shall illustrate in the few following sentences, 
and by aid of simple diagrams. In order to a due 
undei'standing of what is thus to follow, let us glance 
at the general arrangements of the buildings and 
appliances of a first-class blast furnace or iron works. 
JVom what we have above said, the reader will under- 
stand that the arrangements of the various structures 
and the character or nature of these, as well as of 
the mechanical appliances by which their work is 
aided, will vary not only according to the circum- 
stances of locality, but according to the views enter- 
tained by the iron master and his engineer as to the 
kind of plant best calculated for the peculiar circum- 
stances of the case. In view of this, while endeavour- 
ing to convey to the reader a fair conception of the 
general characteristics of iron works, we have to 
give what may be called representative plans or views, 
the diflerent parts of which constituting the whole as 
given, may not all be met with in any one particular 
works ; and in which, although the character of the 
work to be done at the various sti’uctures is the same 
in all classes of iron works, the appliances by which that 
work is done may, and do in practice, vary according 
to circumstances, and the views entertained by the 
engineers in respect of the utility and economy in 
working of different forms of mechanism. But as the 
greater includes the less, we select for illustration 
a first-class iron works, in which are found all the 
structures and appliances necessary to work them. 

The Oeneral Arrangement of the Fnmaoes, etc., etc., of 
Large Iron Worki. 

The general position of the various structures and 
appliances will be understood by an examination of 
fig. 2, Plate CLXVII. In this, which is a diagrammatic 
plan of the iron works, a, a, a, a, represent the calcining 
kilns or stoves in which the ironstone (ore) and the 
limestone (flux) are calcined or burnt. This operation 
is not, as we have elsewhere explained, always carried 
out ; it may be applied to both materials, or only to 
one of them, as for example the ore, — or both iron ore 
and flux may be used in the raw or natural condi- 
tion. For the purpose we have in view, however, we 
assume that calcining is carried out. The calcining 
stoves or kilns being “ fed or supplied with their 
materials at their upper part, and their height being 
considerable— -say some thirty-five feet or so — the 
materials to be calcined must be lifted up to the 
feed level. In some localities the level of the place 


at which the materials are delivered to the works is 
BO favourably selected that the trucks, containing 
them can be run on by the force of gravity down a 
gentle incline, or pushed or dragged on with compara- 
tively little expenditure of force. We here assume, 
however, that the site of the iron-works is throughout 
on a level or nearly so with that of the surrounding 
locality or neighbourhood, — ^in which case, therefore, 
the structures raised on the site for the purposes of 
the iron works will, while they vary in height, be all 
at a considerable elevation above the ground level 
or general surface of the site. This, therefore, 
necessitates mechanical arrangements by which the 
materials to be calcined are lifted up from the general 
level of site, which in fig. 1, Plate CLVI. — which 
is a diagrammatic elevation — we assume to be the 
line 1 2, up to that of the feeding mouths of the 
calcining kilns or stoves. This lifting is performed 
by means of a ‘'hoist” — the position of which is 
shown at 6 in fig. 2, Plate CLXVII. and fig. 1, 
Plate CLVI., the amount of " lift ” of the hoist 
being, say forty feet. This lift raises the materials 
to the level of "rails” which run along, and are 
supported by the timbers of a scaftblding technically 
termed a " gantry,” marked c c in fig. 2, Plate CLXVII. 
and fig. 1, Plate CLVI. This gantry commands the 
whole range of calcining kilns or stoves, a, a, a, a — the 
trucks,one of which is shown at 3 in fig. 1, Plate CLVI., 
running along the gantry. Those trucks weigh some 
14 to 17 tons, and are lifted bodily up in an appro- 
priate stage by the hoist from the ground level 1 2, 
fig. 1, Plate CLVI., to that of the gantry at c c c. 
Each truck is provided with a bottom which can be 
opened and closed at will by the workman ; and as 
each one is lifted up by the hoist and descends by 
the force of gravity from the lifting cage of the hoist 
on to the rails of the gantry c c c, it is dragged or 
pushed forward till it is placed over the feed mouth 
of the calcining stove, when, the bottom being opened, 
its contents are delivered. On being emptied of its 
load, the truck is taken forward to the end of the 
gantry c c, opposite to that {b in fig. 2, Plate CLXVII. 
and fig. 1, Plate CLVI.) at which it was delivered ; 
and at this point arrives at what is called the 
"drop,” marked in position at d d. This "drop” 
is, like the " hoist ” b, provided with a " cage.” The 
empty truck moves on to this, and by means of 
the mechanism of the " drop ” the cage is lowered 
to the ground level, fig« 1, Plate CLVI., and passed 
on to the rails, and by a " siding ” taken out of the 
"works.” A constant succession of full and empty 
trucks is thus dealt with as materials arrive on the 
ground for use — the full trucks being lifted by the 
hoist b, the contents delivered to the calcining stoves 
a, a, passed along the gantry c c to the "drop” d, and 
b^^ delivered again to the onginal level. Calcining 
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may oe confined only to the ore or ironstone, or it 
may be carried out in both the ore and the fiux (lime- 
Btone). And in this latter case a separate calcining 
fitOTe is allotted to each material — one stove being 
used to calcine the ore, the other the limestone. The 
ore and the limestone may bo both calcined in one 
fitove, the materials being tipped in as they are 
brought up to it. In all cases small coal is mixed 
with the material or materials to be calcined, this 
being brought forward also in trucks hoisted by the 
lift or hoist b, and taken down to the working 
level by the ‘‘ drop ” d. But in well arranged works, 
in order to avoid the contingency of loss of time 
arising from a short supply of coal used for calcining 
— t.a, to promote and keep up the necessary combus- 
tion— a supply is kept in a “ bunker ” placed near the 
hoist or lift b. The delivery shoot of this coal ** bunker’* 
is placed so high above the rails of the gantry c c that 
a truck can be passed underneath, and this, when filled 
with the coal from the beaker, is passed into the cal- 
cining stoves as desired. The coke used in the blast 
furnaces, forming even for a single day’s supply a large 
bulk of material, if this were allowed to lie loosely 
on the ground level ready to be supplied to the blast 
furnaces, would form an element of considerable dis- 
order in the works. To avoid this, and to facilitate 
by due order the economical working of the blast 
furnaces, huge bunkers capable of holding some two 
hundred and fifty tons of coke are erected in connec- 
tion with the gantry c c o. These are supplied by 
trucks, which also, like those containing the materials 
for the calcining stoves, are lifted from the geneiul or 
ground level of the works by means of the hoist 6, 
figs. 2, Plate CLXVII. and 1, Plate CLVI., to the 
level of the gantry, and taken to the delivery mouth 
of the bunkers and tipped in. 

Working Plant of the Cast Iron Xannfaotnro.— Belivery of 
the Charge in the Blast Pumaoei. 

We now come to the points connected with the 
delivery of materials or the ‘^charge” of the blast 
furnaces. First as to the ironstone or ore, which in 
our case we presume has been calcined in the kilns 
or stoves a, o, fig. 1, Plate CLVI. Those kilns are 
cylindrical at the upper part, as shown in the diagram, 
some twenty-six feet in diameter, and have a capacity 
of nearly sixteen thousand cubic feet. The lower part 
IS in the form of an inverted cone, this shape allowing 
the calcined materials to descend gradually, and to 
be eafflly removed. This lower pert is provided with 
openings all round its lower extremity, through which 
the calcined materials are withdrawn — if those be a 
mixture, as at some iron works, of ore and flux, or 
simply, as at other works, of ore only. The calcined 
ore is placed in barrows, and these are wheeled at 
once to the ‘'cage” or lifting stage of the blast 
furnace hoist or lift. The position of this in relation 
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to the pair of blast furnaces which it equally supplies 
with materials is shown in the general plan in fig. 2, 
Plate CLXVII., at i i, being placed centrally between 
the two blast furnaces h A. The arrangement in 
elevation is shown in fig. 3, Plate CLXVII., cor- 
respondingly lettered. The height of the platform 
at the working mouths or throats of the furnaces 
from the level of the ground varies, of course, with 
the height of the furnaces. Those, as we have already 
said, are constructed of a much greater height than 
that practised but a few years ago comparatively. 
There are many blast furnace lifts or hoists nearly 
a hundred feet in height. In one which has a 
lift of 92 feet, the load of materials, averaging about 
two tons, is taken up in the space of a minute; 
and allowing for time in loading and unloading 
the cages or lifting stages, the weight lifted per 
hour is 120 tons. The hoist is provided with two 
cages, one of which is descending with the empty 
barrows, the other ascending with the full ones. As 
each barrow is taken, with its load of calcined ore 
or material, from the calcining kilns or stoves, it is 
wheeled over a small weighing machine, by which 
the net weight of the material is ascertained, so that 
the weight of material delivered to the blast furnace 
within a given period is thus known. On the arrival 
of the cage or stage of the hoist at the top of the lift 
or level of working platform of the furnaces, the 
loaded barrows are at once wheeled to the platform 
and to the delivery mouth of the furnaces at the 
throat. The coke or fuel forming the other part 
of the " charge ” or " burden ” of the blast furnace is 
lifted also to the platform by means of the hoist, the 
coke being taken from the bunkers at the low level, 
and wheeled in barrows to the cage of tlie hoist. 

Working Plant of the Cait Iron Kannfaoture.— Working of 
the Blast Pnmaoe— Hot Blaet Pnrnacee. 

In pointing out what yet remains to be described 
of the working plant of an iron works, we shall have 
occasion to refer to the illustrations in figs. 2 and 3, 
Plate CLXVII., and fig. 1, Plate CLVI., already given. 
The blast furnace having been provided with the 
necessary materials constituting the charge, and by 
means of the structures and mechanical appliances 
described in lost chapter and the process of combus- 
tion within the furnace being here supposed to be in 
full operation, we now glance at the means by which 
that combustion is maintained at the degree of inten- 
sity or of temperature which in a former chapter we 
.saw to be essential to the process of " reduction ” or 
"smelting” of the ore. Reverting to the diagram 
in fig. 2, Plate CLXVII., the reader will find the 
position of the appliances required to maintain the 
combustion in the furnace, or what may be called 
the “ blast>plant,” there marked. 


2 
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THE ROAD MAKER. 


THE BOAB KAKEB. 

His Wobk in the IiAyino out of Boaos in Rural, 
Suburban and Town Districts, their Construction, 
Repair, and in the Choice and Use of the Various 
Materials Employed. 

CHAPTER X. 

At end of last chapter we intimated, in connection 
with fig. 23, there given, that the bottom of the 
ditch might be filled up to a certain line with 
stones, or in place of this the bottom hollow, as 
at a, might be made a fiat stone-lined drain, as 
f g h'y the bottom stone, as t, being well im- 
bedded in a clay puddling bed, j j, and the ends 
especially being turned for some distance into the 
puddling. Fig. 24 illustrates another modification, 
simpler still, in which the watercourse or ditch 
h cd e is provided simply with a trench stone-filled 
(see the papers entitled “ The Land Drainer ”). And 
where the sides of the ditch have got scraped out 
unevenly, forming a species of fiat table surfaces 
or shelves on which the water lodges, they may 



Fig. 24. 


be sloped gradually down to the drain /, as at h 
and g. 

SzoavationB and Embankment Work required in Road 
Construction. 

Having considered the leading points connected 
with the construction of roads under general or 
ordinary circumstances — that is, on localities in which, 
the land being on the whole level, no special works 
involving expensive construction are required — ^we 
now pass on to points connected with another and 
a more difiicult class of roads to construct. In this 
class, the contour or surface of the country or district 
through which the road is to be carried varying veiy 
much — presenting here hollows and there rising 
ground — cuttings and embankments are required 
according to circumstances. 

The remarks in the preceding chapters apply only 
to roads made upon the natural surface of the soil, or 
with only such an extent of earthwork in their con- 
struction as to bring the surface of the soil to its 
proper form for receiving its covering of stone. It 
may, however, be necessary, in order to obtain con- 


venient declivities in the direction of the length of a 
road, that a considemble amount of earthwork be 
performed in the removal of elevations and the filling 
up of depressions in the giound over which a road is 
to be made. 

In a cutting, or where the soil is removed, its sides,, 
when not protected by walls, should have a slope of 
somewhat less than the angle of equilibrium at which 
the soil in which the cutting is made will stand. 

This equilibrium or angle of the natural repose 
varies in different soils, which are usually assumed 
to be as follows : — 

Fine dry sand . 

Gravel 

Dry loose shingle 
Dry common soil 


Soil slightly damp 
Soil of the strongest and most compact 
nature 


35 degrees 
37 „ 

39 „ 

-*7 „ 

54 „ 


55 


The slope of the first three soils named above should 
have a base of 3 to 2 of height, the fourth of not less 
than / to 1, and the last two of not less than 7 to 
Rock will generally admit of a perpendicular face. 
Whenever stones abound, a dry wall of a few feet in 
height should be built at the toe of the slope of 
cuttings, to prevent the soil from being washed into 
the road. It will be necessary in all cuttings to havo 
covered drains at both top and bottom, and also down 
the face of the slope, in a slanting or diagonal dii'ec- 
tion, to discharge into the drains along the road at 
the bottom of the slope. Slopes, when finished, should 
either be covered with turf or sown with grass seeds,, 
to protect the soil from disintegration by the action of 
the atmosphere. 

Embankments, or soil deposited to fill up depressions^ 
are much better and more solidly formed of successive 
layers of soil, than by the more usual mode of tipping 
at the end or sides. Although the former-mentioned 
mode of forming an embankment is more expensive,, 
yet by it the embankment becomes consolidated, and 
settles to its permanent form at once; whereas, by 
the latter, time must be allowed for the embankment 
to settle before the road can be completed upon it. 

It should here be remarked that the bulk in cutting 
is rarely the same as the bulk in embankment ; and the 
following are the average proportions which the bulk 
in cutting bears to bulk in embankment of the materials^ 
of which such works are formed : — 


Rock . 

. 2 in. cutting will make 3 

Clay 

. n „ 

„ 10 

Gravel . 

• 18 » 

„ .3 

Dry sand 

• 1 „ 

» 1 

Chalk . 

. 16 „ 

„ 16 


When an embankment is formed, its slopes should be* 
faced with turf or sown with grass seeds. 

Having briefly noticed the topics of cuttings and 
embankments, the preliminary survey which will be* 
necessary in cases where earthwork may be required 
in tl^i^lDonstraction of roads may now be described. 
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The Biinrey referred to should include such dimen- 
sions to be taken as to enable a correct ground plan of 
the site of the road to be made, and a profile of the 
surface of the ground along the middle or centre line 
of the intended road to be prepared from levels being 
taken at every chain's length, and more frequently 
where any marked or sudden change in the surface of 
the ground occurs. Cross levels of the surface should 
be taken at right angles to the centre line of the 
intended road at the same points at which the 
longitudinal levels were taken, and each cross-level- 
ling should extend to some distance on each side of 
*the longitudinal line of levels. The dimensions for 
the ground plan, and the heights taken by levelling 
for the sections, should be carefully plotted to a 
sufiSciently large scale for correct measurements to 
be taken from the drawings, as dimensions for required 
calculations. 

There are three distinct cases in which earthwork 
in the construction of roads may occur: viz., Firsty 
when the elevations and depressions of the ground 
are in the direction of the length only of the intended 
road, the ground being level in the direction of its 
breadth ; AS'ecowd, when the ground, besides undu- 
lating in the direction of the length of the intended 
road, has also a moderate declivity in the direction of 
its breadth ; Thirds when the side slope of ground 
is steep. Of the above-named three cases in the 
construction of roads in which earthwork may be 
required, the first is that in which the top and bottom 
of either a cutting or embankment will be parallel 
and the slopes of the sides will be equal \ the only 
diflference between the two kinds of work being that 
the top of a cutting corresponds to the bottom or base 
of an embankment. The breadth of the bottom of a 
cutting and the top of a continuing embankment are 
always equal, and are called the breadth of the balance 
line of the work. All the cross-sections, either of 
cuttings or embankments, are trapezoids, which figure 
is shown by the diagram (fig. 1, Plate CLXYIII). 

Xxoavation and Embankment Work of Boadf (continued),— 
Calonlationi. 

The perpendicular height and the breadth opposite 
a given breadth of balance line of a cross section being 
given, to find the breadth opposite the balance line for 
any other section of a given perpendicular height." — 
Multiply the difference between the given breadth 
and the breadth of the balance line by the given 
height of the section for which the breadth is sought, 
divide the product by the height of the section of 
which the breadth opposite the balance line is given, 
and the quotient will be the difference of the breadth 
sought and that of the balance line, which added to 
the breadth of the balance line, the sum will be the 
breadth required* 


Eamnph.’^lihe breadth of the balance line of a 
cutting is 24 feet, and the breadth of a section opposite 
the balance line 30 feet for a height of 2 feet : required 
the breadth opposite the balance for a height of 5 feet. 

The difference between 30 and 24 is 6 feet, the 
product of which multiplied by 5 is 30, and which 
divided by 2 is 15, the d^erence between the breadth 
sought and 24. The sum of 24 and 15 is 39 feet, the 
breadth sought. 

To find the area of a trapezoid." — Multiply half 
the sum of the opposite and parallel sides by the 
perpendicular height or distance between them, and 
the product will be the area required. 

Eocainple , — Required the breadth of a trapezoid 
of which the parallel and opposite sides are 39 and 24 
and the perpendicular distance between them 5 feet. 

The sum of 39 and 24 is 63, the half of which is 
31*5, and the product of which multiplied by 5 is 157*5, 
the area required. 

** To find the cubic contents of a cutting or embank- 
ment.” — Let each succeeding pair of sections be taken 
— that is, the first and second, second and third, 
third and fourth, and so on to the last ; and in the 
series of sections let the first and last be 0, as the 
ends of a separate prismoid, the cubic contents of 
which is to be computed as follows: viz.. Multiply 
the sum of the areas of a pair of sections added to 
four times their half-sum by the distance between 
them, and one- sixth of the product will be the cubic 
contents of a prismoid between two succeeding sections; 
and the sum of the cubic contents of all the prismoids, 
into which the cutting or embankment has been 
divided by the several cross sections, will be the cubic 
contents of the whole cutting or embankment. 

Earthwork in Boad Making. 

We now come to the second case of earthwork, or 
that in which a road is to be made along the side of 
a declivity of a moderate degree of steepness. This 
differs from the case last treated of in the cross 
section of the cuttings, and sometimes also of the 
embankments, not being a trapezoid. In the present 
case the section will not have two opposite sides 
parallel, as in the former case ; nor will the sides of 
the cutting require to have the same degree of slope 
When, in sloping ground, the inclination of strata of 
the soil is also somewhat in the same dii'ection as the 
side fall of the surface — ^which will generally be found 
to be the case— the inclination of the strata will be to 
the higher side and from the lower side of the cutting ; 
the tendency then of the soil to fall will only be on 
the higher side; and the slope, therefore, will be 
required to be much greater for the higher than that 
for the lower side. Fig. 2, Plate CLXVIII,, is a 
diagram of a section of a cutting in the case now 
under consideration* 
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THE WORKMAN AS A 

THB WOEXKAH AS A ISOHHIOAL BTTJDBST. 

How TO Studt and What to Study. 

CHAPTER X. 

In continuation of the remarks made at conclusion of 
last chapter on the value of a purely moral considera- 
tion in relation to technical education, we have further 
to point out that we have but to remember that in all the 
labours of man, whether of the brain or of the hands 
merely, or of both in combination (if indeed intellect can 
be separated from the most direct of manual labour) we 
have the peculiarities of human nature to deal with. 
We cannot, if we would, get rid of them ; and if we 
are wise we would not, if we could, put them aside. 
They will and do assert themselves continually, and so 
assert themselves, that in one man they lead him to a 
complete and fatal failure, and not seldom, acting in 
one case, they lead according as they have, or are 
not allowed to have, sway : sometimes to the good, at 
other times to the bad side of working life, that 

chequered and diverse fabric,” which with its weft 
and warp of many-coloured threads ” we find it to be. 
In all work, therefore, no matter what it be, we find we 
have this important factor to deal with ; and it comes 
up for being dealt with, therefore, just as much in the 
work of technical study as in that of any other kind. 
Some may elect to pay it no concern ; to let all their 
peculiarities have full sway, to allow the pendulum to 
swing to one side or to the other as it lists, without 
any desire to put it under regulation. Such will find 
their lot as students cast in anything but pleasant 
and profitable places ; and as they have sown the bad 
seed of neglect, so they will reap the harvest of failure 
and of loss. On the other hand, he who elects to 
take note of his peculiarities, to study what of human 
nature he possesses, so that he will determine to con- 
trol such attributes as are calculated to lead him astray, 
and to cultivate with sedulous care all those capable 
of directing him in the right way, may reasonably 
hope to secure some measure of success in the good 
work he sets himself to perform. 

Different Men differently Oiftedi— Oeniueei r. Men bnt ordi- 
narily Clever, bnt Steady of Eabit— Xneonragement to 
the Latter found in Certain Paete in Bniinese Life. 

All are not gifted alike. Some, indeed, are pro- 
vided with such a slender stock, naturally, of what 
are good helps to success, that it takes conduct of the 
highest kind to cultivate them to such an extent as 
that they may be useful. Others, again, are so con- 
stituted that it requires but comparatively little labour 
on their part to acquire knowledge; or, in other 
words, study to them is easy, for acquirement is rapid. 
While there are those so profusd^y gifted by nature 
that it seems as if no study at all was required to be 
given them ; so naturally does acquirement of know- 


TECHNICAL STUDENT. 

ledge come to them that it seems as if thqr had, so to 
say, only to look at any subject in order to make it 
their own. Such, who are so generously by nature 
gifted, the world generally chooses to call and oonsideir 
geniuses. But it is no little to the comfort, as it adds 
greatly to the encouragement of those students who 
are not so naturally clever, to know that, while the 
business world, the men who create trades and eetar 
blish manufactures, and open up the many paths of 
commerce, and give employment to countless thou- 
sands, do not value the geniuses of society at the 
popular, certainly not at their own estimate, they 
may be ready enough, w^hen challenged, to admit their 
ability ; they are, however, greatly disposed to doubt 
that this will be applied to any really practically useful 
purpose. It may be prejudice, but it is nevertheless 
the fact, that business men do not, as a rule, care to 
have much to do with those extra clover young men ” 
who may claim their notice and desire their employ- 
ment. They are apt to look askance at him who has 
the reputation of being a genius ; for, somehow, they 
have a shrewd suspicion that, being so, he is not very 
likely to be a worker. For it is one of the peculiarities 
of a genius that, being so very clover, having such a 
facility to master any branch of knovvle^lge he may desire 
to acquire, to compass any kind of work he may wish 
to do, he has only, as it were, to look at it, to be able 
to acquire and to perform ; but simply because he thinks 
that ho can do it at any time, the time to do it somehow 
or another never does come. At least, not seldom is 
it so : BO often, indeed, that business men have, for the 
most part, decided that the real work of a genius is to 
pass through life with a supreme confidence that he 
can work whenever he has a mind, that he can do 
great things if he but chooses ; but that the nusfor- 
tune of the matter is that he never does choose to do, 
never has the mind to work. Nor, in looking at the 
records of pasi) experience, indeed, at the 2)as8ing cir- 
cumstances of the day, need we wonder much at this 
opinion of the business world so unfavourable to the 
claims of geniuses. There are but few social circles 
of any extent in any class of society which have not 
got at least one specimen of the genus ** genius ” ; and 
we may with some safety appeal to this experience 
if it be not the case that the geniuses are certainly 
not distinguished for their practical success in life. 
Every one concedes their ability, to use the common 
phrase, ** to do anything they set their minds to,” but, 
unfortunately, it so happens that they will not, at 
least that they do not, set their minds to anything 
practically calculated to advance their true interests 
in life. 

Far be it from us to decry genius : the world owes 
much, very much to it; but then it is to genius 
j|»ll directed, soundly and carefully applied to the 
f^Bctical purposes of life. To such is the term truly 
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ftnd only applicable. Gifted in the highest degree, 
they have given to them by Him who gives and directs 
all things wisely and well the still greater gift of 
steady application, of a determination that they at 
least, whatever other geniuses may do, shall to the 
best of their ability make these gifts valuable to 
society. But, then, the true genius is the very last 
to put forward the claim that he is a genius; the 
world it is which makes it for him. It may be taken 
as an axiom that true genius is ever humble. The 
reader will remember the beautiful and well-known 
illustration of this truth in the fact recorded of 
perhaps the greatest genius which this or any other 
country ever produced — Sir Isaac Newton — ^who, 
when being praised by some one as a great genius, 
humbly, yet honestly and truly replied, in effect, that 
after all he was but as a little child wandering by the 
seashore, who picked up now and then a brighter shell, 
a finer or larger pebble than was his wont to do ; but 
that the gi*eat ocean of truth remained unexplored 
before him. It is ever so ; and it may be said with 
almost absolute truth that the man — the true genius 
— who knows the most, is ever ready to admit that 
he does not know so much, knows only that he 
knows so little. Tliis was well illustrated (if some- 
what paradoxically) by the ancient author who said 
that knowledge only taught us our ignorance, — 
that the more we know the more we know that we 
have to know more. Still more strikingly illusti-ated, 
as we think, by a great man, a true genius of our 
own times, who said that the further we increased 
the diameter of the circle of our knowledge, we 
only the more extended the circumference which 
bounded the wide expanse of the unknown surround- 
ing it. Perhaps the finest example of a mathematical 
demonstration of a mental phenomenon to be met 
with. 

We have enlarged somewhat upon this point, which 
may by some be considered as one having but a very 
remote connection with the leading subject of the 
pi^esent pamgraphs. But if a proper consideration 
of it does not convince those who so think of the 
truth of the fact, perhaps others of our readers will 
accept of our assurance of it, if indeed they do not at 
once perceive it for themselves, that the point beiirs 
most closely on our subject, and through it upon the 
practical success of youth in the business of life. We 
assert only the common-sense, the business view of the 
position, when we 6»^y that of the tvro classes of youth 
about to begin the serious and sober labour of working 
life, whether that be done by brain or hand or by both 
eombined — the one who is so highly gifted with natural 
gifts as to be called, or to call himself, a genius, the 
other posses.^ ed only of very mediocre or humble abili- 
ties, but who has disciplined himself into, or possesses 


naturally, patient habits of plodding careful industry 
— of these two, the vast majority of business men, 
having employments or situations in their gift, will 
prefer the latter. And we appeal with the greatest 
possible confidence to the experience of those who 
have lived long in the world, and mixed much with 
its bui^ workers, if this be not the actual truth. We 
have, of course, by the first-named of these two classes, 
supposed that the youth belongs to the class popularly 
known as that of the genius,’’ he who possesses the 
general attributes of that unfortunate class. We do 
not include in this class the true genius, who possesses 
the greatest gift of all; the determination to make 
his abilities of use to himself and his fellow-men. 
When one of this class appears upon the scene, he, of 
course, carries everything before him. 

But the youth of merely ordinary abilities need not, 
as, indeed, if he be of the true manly stamp of mind, 
he will not, grudge the success of the true genius. He 
may indeed rest prdtty well assured of this, that he 
will not have many competitors of this class, however 
numerous may be the pretenders to genius, or those 
who themselves do not pretend to its possession, but 
really have it, only they make no use of it ; these he 
need not fear. He, at least, will start in life with the 
improvssion of business men we have just alluded to in 
his favour ; he will have the chance of progress in life 
given to him, which business men will be a little 
chary of giving to that somewhat eccentric and un- 
trustworthy individual, the genius popularly so called 
and understood. And in this fact lies, as we have 
said, the greatest encouragement, if it be not a real 
comfort to the youth possessed only of modenite 
abilities, but who is determined, God vdlling and help- 
ing, by steady application to make the best of them ; 
who makes up his mind that they shall, when so made, 
be not only useful to himself, but a trustworthy help 
to those in whose service he may do his daily laboui*. 
On this dual relation the reader may refer with some 
advantage to what may be said in this work by the 
author of the paper which considers the technical 
workman in his daily work in the workshop, factory, 
or business establishment. 

Snooefi in Study one of the Chief Elenienti of Snecess in 
** BnsinoM life.’*— Entirely Dependent upon the Work of 
the Student himiolf. 

The reader who has gone thus far with us will per- 
ceive, therefore, the point up to which we have been 
tending : namely, that the success in study, which is 
the first great preliminary to success in business, and 
one of the best means for securing it, depends chiefly 
upon the student himself ; that it is not so much a 
question as to what abilities he may or might possess 
naturally, but how he makes what he does actually 
possess of the greatest service. 
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THE ORAZIER AND CATTLE BREEDER AND FEEDER. 


THE OEAZIEB AKD CATTLE BBEEDEB AND 
FEEDEB. 

The Technical Points connected with the Varieties or 
Breeds ov Cattle— Their Breeding, Rbartno, Feed- 
ing, AND General Management for the Production 
OF Butchers’ Meat and op Dairy Produce. 


CHAPTER XXI. 

Qiialilir of reeding StniGi for Oattle 

At the conclusion of last chapter under the above 
heading we pointed out the influence which prejudice 
in favour of old-established pmctice has in deterring 
some fi*om introducing improved methods. And with 
I'egard to the subject of pure water for stock, there 
referred to, it may be with safety predicated of some 
that if you were to tell them that dirty vessels out 
of which to drink, or plates from which to eat, if 
bad for ourselves, cannot be good for animals, the 
assertion would at least be met by a smile, if not a 
sneer, — the very idea of considering animals as subject 
to the same laws of living as ourselves beiiag new and 
strange to them. 

We have seen the influence which one part of food 
has upon another, or on some substance more or less 
or quite foreign, affecting its value as a whole, in 
going to feed the animal, and to maintain it in good 
health. We have seen also that certain substances 
are considered from the chemical view of the question 
as possessed of no value as nutrition, failing either to 
support life or add to the production of fat or the 
foimation of flesh. Amongst these inert or useless 
substances classed by the chemist as such is water. 
We have endeavoured to show that the water natui-ally 
present in foods, and which is popularly called the sap 
or juice, in place of being an inert or useless substance, 
is a highly valuable one, playing an important part in 
the animal economy, as being not only nutritive in 
itself, but as influencing in a marked degree the value 
of the other substances present in food, and which by 
the chemist and the physiologist alike are considered 
as nutritive. However much the view we have en- 
deavoured to elucidate respecting the water, sap or 
juice, naturally present in foods may be objected to 
by some chemists, they will readily admit that water, 
given in populai- language as a drink to cattle, does 
play a highly useful, indeed an essential part, in the 
economy of cattle feeding. 

Practical Valne to the Cattle Feeder of Chexnioal Beiearoh 
into the Value of Food. 

From what has been now stated, towards the 
conclusion of the preceding chapter, the reader will 
perceive that there are many things which go far 
to influence the theoretical value of food used for 
the feeding of farm live stock. And we have not 
yet noticed all those modifying influences : what we 
have yet to give under this head will come moi*e 


appi’opriately when we are considering the points 
which are more closely connected with the actual 
details of cattle management, in so far as the animals 
themselves are immediately concerned. Although, 
however, there are sundry influences, both in the 
character and condition of the food substances them- 
selves and in the physiological characteristics of the 
animals which feed upon them, still the researches and 
investigation of chemists, at whose head stands, as we 
have seen, the eminent Liebig, the first expounder of 
the “ chemistry of food,^^ have been so minute and so 
complete, that not only ai'e the individual constituents 
of food known, but their percentage can be ascertained 
with such absolute accuiuoy that the practical feeder 
of stock has before him statements showing the different 
and varying constituents of different foods. And 
by making allowances for such modifying influences 
as we have already stated, and others we have yet 
to describe, he can arrive at an estimate of the values 
of different foods which, if not absolutely correct, will 
be so for an approach to an approximative value as 
to be of great service to him in deciding on the details 
of his system of feeding. 

The documents, so to Siiy, on which the feeder bases 
his practicjil estimates of the worth to him of tho 
various foods bo uses or proposes to use, are the 
analyses with which chemists have provided him in 
such copious and complete numbers. All the staple 
foods, as those grown by the fanners themselves, have 
been again and again analysed, and so carefully that 
all concerning them is now known ; and the same may 
be said of at least the best known of the artificial 
cattle foods, which have been from time to time so 
freely introduced for the benefit or assumed benefit 
of the feeder ; and it is impossible to overestimate the 
pecuniary advantages which he has obtained from the 
researches and analyses of chemists in giving him 
trustworthy evidence to enable him to decide whether 
tho benefit thus ofiered by makers of artificial foods 
were truly so or only for the purposes of tmde. 

CironmttaiioeB affecting tlie two Leading Department! of 
Cattle Feeding. 

We now come to glance at some of tho leading 
principles connected with two important departments 
of the practice of feeding which most closely affect 
not only the present, but the future condition of 
farming, as regards live stock. We have already 
alluded to the peculiar circumstances under which 
the business of farming, considered generally, has 
been placed during the last few years. Circumstances 
of so depressing, and withal of so powerful a cha- 
racter, that it has led to a very wide, and in many 
respects a somewhat too free, that is, a loose discus- 
sion, as to whether the character of British farming 
should be changed, and at once, and that so completely 
thi#^bat has hitherto been an important branch, 
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namelj, arable culture, should wholly disappear, and 
attention be given only to the department of live 
stock. And this change is advocated, not merely on 
the ground that it is one best suited for our climate, 
which is not a wheat or cereal growing one, at least 
of the first class, but because the change is the only 
way in which Bntish farmers can live — ^that is, meet 
the competition which faces them from other countries 
more favourably situated than we are. The points 
involved are of such national interest that, in 
addition to what we have incidentally said about 
it in the course of the present series of papers, we 
may perhaps find space, before concluding to go some- 
what fully into its details. What reference is here 
to be made to it is made simply because it leads up 
to a practical point of the utmost importance in 
the practice of live stock management, which does 
not merely concern what would be the characteristics 
of the changed condition of farming above alluded 
to if the change in its style were universally or 
generally adopted, but because it influences, and 
that in the closest degree, the practice of live stock 
management as carried on at present under the 
system which has been so long in favour. 

Oraff Land againi t Land nnder Arable Cnltnre. 

In the discussion above alluded to the change pro- 
posed to be made in the style of British farming, and 
which it has been somewhat dogmatically asserted was 
the only change which could save the British farmer 
from practical extirpation as a class of industrial pro- 
ducers, may be formulated in the phrase which has 
been in every sense of the term very freely used by 
the advocates of the change proposed. This phi-a.se, 
Grass Land against L«and under Amble Culture,” is 
a fair example of that class of popular phrases which 
are taken hold of and bandied freely about as if they 
comprised all that need be said on the subjects to 
which they are appended, and as if the mere state- 
ment of what may be called the Shibboleth of the 
party decided, once and for all, the points at issue. 
The writer of these lines has always maintained that 
the discussion of the question involved in this pithy 
phi-ase was evidently most keenly carried on by those 
who had but little practical knowledge of all the points 
involved. They, indeed, apparently held the notion 
that there was only one point, and that all that w-as 
required to be done in order to give prosperity to the 
business of British farming was to get rid, as fast as 
possible, of all arable land — tliat is, of ploughed or 
cultivated fields — ^and replace them by grass land, 
that is, pasture and meadow fields, but those chiefly 
pasture. 

This notion or opinion, held by so many — we suspect 
the great majority of the writers on the subject — 
completely ignored the existence of facts which to the 
farmer were very plain and important facts never- 


theless. In the first place, such writers evidently 
assumed that arable culture and the growing or cul- 
ture of wheat were synonymous terms, — wheat, and 
what are called bread-stuffs,” as Indian com or 
maize, being the chief elements by which foreign 
competition flourished, — it being contended that the 
British farmer need fear no competition in depart- 
ments of farming with which live stock were con- 
cerned. Do away with arable, i-eplace it with gmss 
culture. But they forget — we should be more correct 
if we said that many supporters of the new cry did 
not know — that if the culture of wheat were wholly 
done away wdth in Great Britain, ai-able culture, that 
is, ploughed or cultivated fields, would still remain as 
part, and a large part, of the care of the British 
farmer. The very live stock which were to form the 
means of his future livelihood demand the produce of 
this arable culture, to say nothing of the demands 
made upon it from other sources. 

Grass Land Culture. 

Again, many of the ads'ocates of the new system 
of exclusive grass-land farming did not seem to know, 
or if knowing chose to forget, that points connected 
with soil, locality and climate, practically precluded 
land from being successfully laid down as gi*a.ss land; 
and they failed to point out what ihm was to be 
done with land which, in accordance with their pre- 
determined principle, should not be under arable 
culture, yet could not profitably — in some cases not at 
all, as grasses would not grow — be put under grass 
culture. The various points, aD of the utmost im- 
portance in a practical point of view, will be noticed 
hereafter in discussing — if space will permit us to 
discuss — the general question here being considered. 
But another point has yet to be noticed, and it is one 
which closely concerns itself with our immediate subject 
of the general management of fatting cattle and 
dairy stock. Tlie point which has been also wholly 
overlooked by those who advocated an indiscriminate 
or universal adoption of grass-land culture is this: 
that grass, •per se, is not the onlt/ food upon which 
live stock are fed and reared ; further, that while it is 
only one of many kinds of food used by the live-stock 
farmer, it is not the best food — far, indeed, from being 
the best. Further, that even giving it the liighest 
value as a food, this value is very fluctuating, and 
this of necessity arising from the qualities of the 
grasses, and not merely from bad farming, but also 
from the fact that in certain soils and under cer- 
tain climatic and local influences the farmer cannot 
grow good, that is, nutritive grasses, however anxioua 
and able to do so. Further still, and granting that 
the farmer possesses grass lands bearing the best and 
the most nutritious of grasses, it does not follow — aa 
so many of the uncompromising advocates of the great 
change in the style of British fo^^ming seem to decide 
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that it does fdUow— that the only way of using those 
grasses, that is, feeding live stock upon them, is to 
allow the ftnimA-lfl to pasture in the fields. This point, 
and all the important practical considerations out- 
coming from it, is the point which now demands 
our attention. The most advanced farmers have for 
long held the opinion that pasturing, or eating off 
grass by allowing live stock to roam at will over the 
fields which produce it, is the least advantageous of 
all methods of using it ; and this opinion is extending 
daily. As the question is concerned in the closest 
manner with that of the general management of farm 
live stock, and as its consideration brings up with 
it that of a system or of other systems of feeding 
stock which take its place, we now propose to go 
somewhat fully into it. 

Ths Pastnriiig Syitem of Feeding Stoek— The Poiati involved 
in the Qiieation.-~Defeetf. 

One acknowledged defect of the commonly adopted 
method of pasturing cattle or dairy cows is the large 
percentage of loss incurred by it. The animals in 
feeding off the pasture grass roam all over its surface, 
and the mere treading of the grass by their feet, espe- 
cially in very or long-continued wet weatlier, brings 
about a large amount of loss. But this is not all. 
Wherever the droppings of the animals fall — and they 
generally cover a large space of ground — the grass is, 
for the time being, killed. It is only after a consider- 
able period, when the dung is decayed and broken up 
by weather influences, that the grass grows again on 
the same space. No doubt it may be said that the 
very richness of the manure which the droppings give 
to the soil causes such an increased growth of the 
grass around them that the weight of this heavy growth 
will amply compensate for the loss sustained by the 
grass not growing on the surface actually covered 
by droppings. This would be true, only for the 
unfortunate circumstance that the grass, — which is 
specially the result of the rich manure — which grows 
a/round the heap of droppings, is, while luxuriant 
and heavy in growth, so rank and strong that the 
animals will not eat it if they can get any other 
grass not so produced. The same applies to the 
grass which in time grows through the heap of 
droppings. Those droppings being numerous in pro- 
portion to the number of cattle pastured out in the 
field, cause a loss of productive land which, taken 
in the aggregate, amounts to a percentage of the 
whole produce very serious in amount. The evils of 
the "droppings” are attempted to be got rid of, in 
well managed farms, by breaking up and scattering 
their contents over the adjacent surfaces, thus giving 
60 far the benefit of a good manuring to a wider space 
of grass land. But this breaking up of the droppings 


can only be done after they have got so far dried up 
and consolidated that they can be treated by the 
fork or implement so that they can be spread over th^ 
ground in small lumps which form a good dressing 
of manure. And while consolidation is thus going on, 
the stoppage of the growth of grass below is going on. 

But this is not the only loss incurred in the pasture 
system of feeding stock. The liquid droppings of the 
animals cause a further loss of feeding surface. No 
matter how sweet and rich the grasses may be on any 
given space of the pasture, when the liquid exuviic 
of the animal is passed over it, it will no longer look 
at the gi'Bss as an edible ; nor need this be wondered 
at. And on such spots so voided on, the grass for the 
time fails in growth, and when this begins again, it is 
so luxuriant, yet rank, that the animals will not eat 
of it, or do not eat readily or appetisingly of itj 
and where there is no keen appetite, there is always 
a loss in feeding them. Not only do the droppings 
and voiding of the animals do harm to the pasture 
grasses, but the value of the manure which those 
droppings and voidings form is to a large extent 
lost. The great object to be secured in manuring 
pasture and grass lands is to spread the manures, 
whether farmyard, artificial or compost manures, as 
uniformly as possible over the surface ; and at such 
a given rate or weight of manure to the acre as is 
deemed requisite under the circumstances. Now, it 
is obvious from what we have said that there is no 
imiformity of deposit and no spreading of the manure 
created by the animals as they are feeding on the 
pasture grasses. There can, moreover, be no choice 
as to the period of application of the manure, and 
there is no one period better than another when the 
full benefit of the manure applied is secured by 
the succeeding crop. Taking all the circumstances 
connected with the manure pit)duced by the animals 
in the pasture fields, it may, with some degree of 
aocumcy, be estimated that nearly if not quite one- 
half of its value is lost by the system of feeding stock. 
What may be called the average irregularity with 
which the manure is deposited by the animals on the 
field is greatly aggravated in certain places, such aa 
in favourite shelter places tinder trees, and at or near 
gates where the animals often congregate. Here 
there is a large deposit of manure, which may be said 
to be almost wholly lost so far as any good it does to 
the pasture land. We see, then, from all these facts 
of practice, that the system of pasturing cattle is not 
the most economical, indeed it is the most wasteful, 
way of applying manure, and that this of necessity 
involves a large waste of grass which under other 
circumstances could be made directly available as food 
by the animals. 
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THE BAVITAEY ABOHXTEOT. 

Tbb Pbinoxplss Ain> Piuotioe of His Wobk, ik Healthy 
House Abbanobment and Consteuotion.— Technical 
PointsofSewsbageand Db AIK age, Ventilation, eto« 

CHAPTER Vlir. 

At the end of preceding chapter we pointed out that 
it was necessary, in the case of the proprietor of house 
property, that he should at least have the best advice 
on the subject of house drainage. He also, however, 
has to trust to the workmen that they have done 
their work well ; and he can only judge of the facts 
that they have or have not done it well by the 
general circumstances attendant upon the opera- 
tion of the system. Many details may, however, 
have been so far scamped over that the i^stem as a 
whole may operate well for a time, but be so ineffi- 
ciently carried out in regard to permanency that 
before long faults will begin to show themselves. 
After all, we are diiven to place our reliance upon the 
good faith and honesty of all the workmen engaged. 

Two Stagei or Porio4s in the Hiitory of the Art of Home 
Draining. 

If space had permitted us to trace the history of 
the art of house draining from the earliest times up 
to those which approach and, indeed, in some respects, 
form poxt of the times we live in, we should have, 
in so doing, met with much that was more or less 
directly and incidentally practically useful and sug- 
gestive, bearing closely upon the principles and practice 
of what has now come to be considered as the art and 
science of modern house or town drainage. But we 
may suppose that we have done this, and have arrived 
at a point in the practice of the art in which we find 
that there are two eras or stages, each of which is 
characterised by its own striking and peculiar feature. 
The earliest stage or era of house and town drainage 
was that in which all the channels for the conveying 
away of the liquid refuse of houses from their im- 
mediate neighbourhood te the place of final deposit — 
which was always the nearest river or stream, or the 
sea if the tovrn was on its margin — were simply 
ruts or gutters cut in the surface soil; and this 
whether they were the main channels placed in the 
streets or public ways, or the subsidiary or branch or 
lateral channels leading from the houses to the main 
channel. This stage or era of house drainage practice 
may be designated the gutter,'’ or perhaps, as still 
more distinctive, the open or surface channel " period 
of the art. We might, if space had permitted, have 
detailed the circumstances, or probable circumstance 
which led of necessity to the doing away with the' 
open or surface channels, and the substitution for 
them of channels or drains which, however near the 
surface they were placed, were still, being covered up 
or built over, to be considered as underground or 


subterranean liquid refuse or sewage courses or 
channels or drains. This system constituted the second 
stage or era in the progress of house drainage practice, 
and may be designated, in contradistinction to the 
first era above named, as the closed or covered-in 
channel ” system. 

Cluuraeteristiei of the Two Sjttoms of Early House Drainage 
as bearing upon the Modem System. 

The reader will perceive, in glancing at the easily 
remembered characteristics of each system, that in 
the first or “ open or surface channel,” whatever 
faults in other ways it possessed, it certainly had two 
great advantages. No matter how made, whether 
as simple ruts dug out of the surface soil, or formed 
with greater constructive skill, with solid sides and 
bottom, the channels — or gutters, to call them by 
their best-known name — being open throughout their 
whole length, could be cleaned out if cleaning was 
considered desirable. Or if their cleaning out from 
time to time was not looked upon — as in the early 
days it was not likely to be so — as a duty to health, 
the removal of obstructions to the fiow of liquid refuse 
along them would be an easy matter. And these 
obstructions would be found more frequently at some 
points than at others. However far the cleaning out 
of the gutters was carried on, either as a necessity or 
a duty, or whether it was as a rule neglected, the 
very nature of the open gutter gave at least every 
facility for cleaning them out. Their condition and 
what obstruction might be present could at least be 
seen, — so that our ancestors had not the excuse so 
often made by us, that they did not know of the faults 
or evils existing in theii* system of open gutters. 

The second advantage of the open gutter or surface 
channel system was thia That wherever, whether 
at any one particular point or along the whole 
course of a gutter, gases or emanations from putre- 
fying materials or decaying substances arose, they 
were at liberty to ascend and mix freely with the 
surrounding atmosphere. And the gases thus created 
would begin to ascend as soon as they began to be 
created, — that is, they would be of comparatively 
small volume at first, and be of a less pungent and 
disgusting odour than if they were kept in and fenced, 
so to say, to be concentrated and made more intense. 
No doubt the longer substances liable to put'^efy 
or decay were allowed to lie quiescent in the open 
gutters, the worse their condition would become, and 
the more pungent would be the putrescent odours. 
Still, as we have seen, they would have the chance of 
being moved along by some accession to the liquid, as 
by a shower of rain, — the chance, moreover, of being 
removed by hand where they were peculiarly offensive. 
At all events, the putrefying substances could be seen, 
and their exact position further indicated by the sense 
of smell. But in all cases, and as well in their most 
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ofibnsiv6 as in their simplest condition, this great 
advantage was present — that the principle of diffu- 
sion of gases ” could operate at any time and in the 
readiest of all ways. The law of diffusion of gases 
in the atmosphere — discovered, or at least first 
explained, by Dalton— is one of those provisions of 
nature so wisely ordained by a beneficent Creator for 
the physical well-being of man. By its operation gases, 
no matter what may be their nature, are mixed or 
commingled with, spread or diffused through the mass 
or volume of the common air or atmosphere. And 
this diffusion exists to an extent and for purposes the 
most beneficent to man ; which many have no con- 
ception of, and of which, if this were the place or 
space permitted, we could give many and striking 
examples. 

Some Charaoteristiof of TTnliaaltliy Gaiei or thoie £rom 
Drains. 

Poisons are all the more dangerous, and act in the 
most rapid and conclusive way, the more concentrated 
they are. A dose of a liquid poison which in its 
natural or concentrated condition would kill a strong 
man in a few seconds, if mixed, diluted with or 
diffused ” thoroughly amongst a large bulk of water, 
would be 60 innocuous that a puny infant drinking 
a portion of the mixture would not be injured. 
The same holds good of aerial poisons or gases, 
which if breathed in a highly concentrated con- 
dition would kill a man or render him unconscious 
instantaneously, but if diffused with a large bulk of 
common air, or the general atmosphere, might be 
breathed, if not with absolute and final impunity if 
inhaled for a long period, at least without immedi- 
ately dangerous or fatal consequences. But there is 
this essential difference in the two poisons, the 
liquid or gaseous, so far as their weakening is 
concerned by being mixed with large bulks of 
innocuous liquids, as water, or with an innocent gas, 
such as the common air. The mixture of the liquid 
poison with a bulk of water takes a comparatively 
long time for completion, and generally requires a 
shaking or agitation of a more or less violent cha- 
racter to effect a complete and equal diffusion of the 
poison throughout the whole mass of the water, so that 
any one portion of it would possess the same amount 
or percentage of the poison as any other portion 
taken at random. But in the case of the mixture of 
an aerial poison or noxious gas with a large bulk of 
the common air or atmosphere, the diffiision of the 
poisonous gas through the mass of the atmosphere 
begins at once, and is so rapid and complete that the 
poison may be said pi'actically to be immediately 
lost or got rid of. For example, the formation 
of that deadly gas or aerial poison known as 
carbonic acid in a close confined room, by the com- 


bustion of charcoal in an open brasier, is so rapid 
and dense, so to say, that people sitting in the room 
would become quickly drowsy and soon be killed. 
But BO rapid is the difiiision of this deadly gas with 
or amongst the ordinary air, that, almost immediately 
upon the opening of a window which will admit of 
its entrance, those under the influence of the gas, if 
not actually killed, will begin to revive, and the air 
of the room will become pure and fit to be breathed 
with absolute impunity in a marvellously short time. 

Praotioal Bearing of Foregoing Points on the Art of House 
Drainage. 

The bearing of these facts upon the question of 
house drainage and also upon another impoi'tant 
branch of sanitaiy science — house ventilation— is of 
the closest and most practical kind ; and if it be well 
considered, many of the points connected with the 
practice of the art of drainage involved in it will be 
so clearly apprehended that the necessity for their 
fuller explanation further on will be done away with, 
and our space and the time of our readers saved. 
The advantage of the open gutter or surface channel 
system of house and town drainage will now be 
perceived as favouring in the most direct and rapid 
way that diffusion of the gases arising from the 
puti*escent matter present in the gutters or channels 
which dilutes or weakens them to a point no longer 
dangerous. And that the gases arising from putres- 
cent matter are in fact aerial poisons, no one now- 
a-days will be inclined to dispute, — although it is 
worthy of remark, os characteristic of one of the 
mental peculiarities of man, that we submit to 
breathe such aerial poisons all the while that we 
know that they are poisons, and this so long as their 
effects on the system are not obviously and directly 
dangerous. It is quite true that, from the very 
extent or art^'a of the surface channels or gutters, 
this, the first system of house drainage, would give rise 
to large volumes of aerial or poisonous gases, these 
being created in a way more or less offensive or 
dangerous in proportion not merely to their area but 
to the way in which and the length of the intervals 
betw^een which the gutters were cleaned by band, or 
flushed or washed out by Nature with her beneficent 
rainfalls. The extent to which the general air 
of a town could be contaminated, or at least rendered 
notorious as being the reverse in sweetness to the 
balmy gales of Araby the blest,” or Sabean odour 
from the spicy shores,” is illustrated in the case of 
of the well-known town of Cologne, on the banks 
of the Khine. Coleridge rendered the air or the 
memory of it immortal, when, in his own graphic way, 
he described it as being made up of '^thirty spedied 
and distinct stinks,” each so marked that it could be 
distinguished from its fellows. 
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THE STEEL MAKER. 

Tot Details of mis Womc— T he Peinciples of its 
PeocessEs-'The Qualities and Chabacteeistios of 

ITS PaODUOTS. 

CHAPTER XI. 

The OoETsrter ** of the Bee lemer Steel Xakiag Proeeis.— 
Its Frsotioal nfe.--?roeeei of Convereiozi. 

Tub converter has, at the commencement of the »pro- 
< 5688 , its interior brought to a red heat by consuming 
ooal in it. It is then swung round till it assumes 
the position in dg. 2, so that the melted pig from the 
oupola furnace can be easily run into the interior 
-of the converter by means of the trough h. When it 
has received its proper supply, the converter is again 
swung round, till it assumes its normal position, as 
in fig. 1, which it retains during the process of con- 
version, The blast is, however, turned on before the 
•converter is made to resume the position as in fig. 1 ; 
the object of blowing through before the converter 
is made to assume the vertical being to prevent the 
fused metal running through the holes d in the 



bottom, c c, upon which it rests, and to pass which is 
of course its natural tendency. This, however, is 
obviated by the blast, which is powerful enough to 
keep the molten metal above the perforated bottom, 
and by bearing it up, or keeping it suspended, as it 
were, to thus prevent it passing through the holes 
to the blast chamber e e. 

The converter is now swung round so os to assume 
its normal or vertical position, as in fig. 1 ; and the 
powerful blast going on, the stages of the process of 
** conversion ** are as follows. The immediate action 
of the blast projected into the interior of the con- 
verter through the apertures in the bottom, c c, is to 
send out a fierce and long flame from the mouth 
fig. 2. 

We have not space to describe the truly wonderful 
sight which is presented to the spectator in the course 
of the blast,*’ but while its splendour is painful to the 
oye, it is “ yet so fascinating that few who have seen 
it for the first time con resist it and turn their dazzled 
eyes away.” After a certain stage of the brilliant blast 
has been reached, the melted spiegeleisen is poured 
into the converter, which creates a new display of 


flashing flame. This finishes the process: the Bes- 
semer iron is now made, and is cast into ingots. For 
a lucid and most interesting description of the various 
changes which take place within the converter during 
the ** blow ” or blast, and of all the fiery splendours 
with which it is accompanied, we must refer the 
reader to Mr. Williams’ papers, read as one of the 
Cantor lectures before the Society of Arts in 1876— 
on “ The Iron and Steel Manufacture,” 

In a paper read before the Institution of Mechanical 
Engineers, shortly after the difficulties attendant at 
first upon the process had been overcome, and it had 
established itself beyond all doubt as an invention 
pregnant with the most important results to the trade, 
Sir Henry (then Mr.) Bessemer gave an account of 
apparatus erected at the Atlas Steel Works of Messrs. 
John Brown at Slielfield, to carryout the new process. 
This, as described by Sir Henry, will, in conjunction 
with the drawings in figs. 1 to 9, give the student a good 
idea of the mechanical appliances and general arrange* 
ments of a Bessemer steel making plant some two" 
and-twenty years ago. The drawings here referred 
to have been prepared fi-om drawings given by Sir 
Henry Bessemer in the paper above alluded to. 

“ The crude pig iron chiefly used in this process has 
been the hot -blast heematite pig smelted with coke, 
which is melted in a reverberatory furniico adjoining, 
and is then run into the converting vessel, a a a a, 
figs. 3 and 5, in which its conversion into steel is to 
be effected. The converter ” vessel is shown enlarged 
in action in fig. 4, which represents its position in 
being filled, the melted pig iron being run into it 
by the spout hy fig. 2, direct from the furnace. It is 
made of stout boiler plate, and lined with a powdered 
siliceous stone found in the neighbourhood of Sheffield 
below the coal and known rfS “ganister.” The rapid 
destruction of the lining of the converting vessel was 
one of the great difficulties met with in the early stages 
of the invention : the excessive temj)eraturc generated 
in the vessel, together with the solvent action of the 
fluid slags, was found to dissolve the best firebrick so 
rapidly that sometimes as much as two inches thick- 
ness would be lost from the lining of the vessel during 
the thirty minutes required to convert a single chaige 
of iron into steel. The ganister now used, however, is 
not only much cheaper than fii^ebricks — costing only 
11^. per ton in the powdered state — but it is also veiy 
durable : a portion of the lining of the vessel is shown 
which has stood ninety-six consecutive conversions befoi'e 
its removal. The converting vessel, aa a a, i& mounted 
on bearings which rest on stout iron standards, i e, 
fig. 1, and by means of gearing and handle it may 
bo turned into any required position. There is an 
opening at the top for filling and poui'ing out the 
metal ; and at the bottom of the vessel are inserted 
seven fireclay tuyeres, each having seven holes. The 
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blast from the engine is conveyed through one of the 
bearings of the vessel, fig. 1, into the tuyere box e s, 
and enters the tuyeres at a pressure of about 14 lb. 
per square inch, which is more than sufficient to pre- 
vent the fluid metal fix>m entering the tuyeres. 

** Before commencing with the first charge of metal, 
the interior of the converting vessel is thoroughly 
heated by coke, with a blast through the tuyeres 
to urge the fire ; when sufficiently heated it is turned 
upside down and all the unbumt coke falls out. The 
vessel is then turned into the position shown in fig. 2, 
and the melted pig iron is run in from the surface 
by the spout h, the vessel being kept in such a posi- 
tion, during the time it is being filled, that the holes 
of the tuyeres ai*e above the surface of the metal. 
When the proper charge of iron has been run in, the 
blast is turned on and the vessel quickly moved up 
into the position shown in fig. 2. The blast now 
rushes upwards into the fluid metal from each of the 
forty-nine holes of the tuyeres, producing a most 



Fig. 3. 

violent agitation of the whole mass. The silica, 
always present in greater or less quantities in pig 
iron, is first attacked, and unites readily with the 
oxygen of the air, producing silicic acid ; at the same 
time a small portion of the iron undergoes oxidation, 
and hence a fluid silicate of the oxide of iron is formed, 
a little carbon being simultaneously burnt off. The 
heat is thus gradually increased until nearly the whole 
of the silica is oxidised, which generally takes place 
in about twelve minutes from the commencement of 
the process. The carbon of the pig iron now begins 
to unite moi’e freely with the oxygen of the air, 
producing, at first, a small flame, which rapidly 
increases, and in about three minutes from its first 
appearance a most intense combustion is going on ; 
the metal rises higher and higher in the vessel, some- 
times occupying more than double its former space, 
and in this frothy fluid state it presents an enormous 
surface to the action of the air, which unites rapidly 
with the carbon contained in the crude iron and pro- 
duces a most intense combustion, the whole mass being, 


in fact, a perfect mixture of metal and fire. The 
carbon is now burnt off so rapidly as to produce a 
series of harmless explosions, throwing out the fluid 
slag in great quantities ; while the combustion of the 
gases is so perfect that a voluminous white flame 
rushes from the mouth of the vessel, illuminating fhe 
whole building, and indicating to the practised eye 
the precise wndition of the metal inside. The blow- 



ing may thus be left off whenever the number of 
minutes fi'om the commencement and the appearance 
of the flame indicate the required quality of metal. 
This is the mode preferred in working the process in 
Sweden. But at the works in Sheffield it is preferred* 
to continue blowing the metal beyond this stage,, 
until the flame suddenly drops, which it does just on 
the approach of the metal to the condition of malle- 
able iron : a small measured quantity of charcoal pig 
iron, containing a known proportion, is then added, 
and thus steel is produced of any desired degree of 
carburation, the process having occupied about twenty- 
eight minutes altogether from the commencement. 
The converting vessel is tipped forwards and the blast 
shut off for adding^ this small charge of pig iron, after 
which the blast is turned on again for a few seconds. 


Fig. 6. 

"The vessel is then turned into such a position 
that the fluid steel run into the casting ladle g, fig, 3^ 
which is carried by the hydraulic crane 4 A, is 
counterbalanced by the weight % on the opposite end 
of the jib yy. When all the metal is poured out of 
the converting vessel, the crane is raised by water 
pre^re and turned round, as shown in fig. 4, for the 
puj^H^ of running the steel into the ingot moulds 
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THE 7ACT0BT OB lOU HAHD AS A 
TECmnCAL WOBKEB. 

Thk Oboakibation, General Duties, and Special 
Work of this Staff of Factories fob the Produc- 
tion OF Spun and Woven Goods -that is, **Yabn** 
AND “Cloth**— AND those chiefly in Cotton and 
Wool— General Description of the Various Pbo- 
CESBEB OF Manufacture. 

CHAPTER XIII. 

In fig. 10, at end of preceding chapter, we gave a 
diagram illustrative of the slabbing frame.” Accord- 
ing to the fineness of the rovings required, several 
slubbing machines are used before proceeding to the 
spinning mule or throstle. These are called slubbing 
machine,” “ intermediate frame,” roving frame,” and 
jack frame.” An important improvement in the fiyer 
is the presser-flyer, by which the arm for winding the 
yam on the bobbin is provided with a smaller arm, 
fastened by a spring, through which the yam runs, 
and which likewise presses against the yarn whilst it 
is being wound on the bobbin. Through this the 
rovings are not only made closer, but a larger quan- 
tity can be wound on a spool. Another very clever 
contrivance in this machine is the arrangement by 
which the variation in the velocity of revolution of 
the spindle c:impensate8 for the increasing diameter 
of the bobbin. From the differential motion secured 
by the mechanical contrivance, these slubbing machines 
are sometimes called differential ” slubbing frames. 

On the fnmie a, tig. 10, there is a drawer 6, as 
before described, through which the rovings from the 
bobbins, a, pass on their way to the flyer h. This they 
enter by the funnel-shaped hole at the top of the 
spindle, pass through the hollow arm dy and pass out 
through the side opening of the presser arm c, by 
which they are pressed iiguinst the bobbin c. Whilst 
the rovings are being wound on the bobbin, the plat- 
form carrying these is lowered and raised by the 
wheels /, (jr, //, i and /c, shown in the figure by dotted 
line.s. As the wheels i and k must likewise rise and 
fall continually, and as they must always be in con- 
nection with the other wheels,/, h and the latter are 
connected by a cnink-joint I m. The spindles are made 
to revolve by toothed wheels placed at their lower 
ends. According to the amount of twisting it is 
desired to give the livings, the spindles make from 
200 to 800 revolutions per minute. 

An improvement, for making the motioh lighter, 
increasing the speed, and consequently increasing the 
production of the machine, wag made by William 
Higgins in Manchester in 1861. Whilst the spindles 
usually revolve in fixed sockets and independent 
collars, which together with the fixed arm move up 
and down, Higgins has given these parts a motion 
at right angles to one another, and supported the 


bobbins by iron supports reaching to their middle. 
Through this improvement an irregular movement of 
the platform can never cause the spindles to jam in 
their collars, and as the collars do not move up and 
down on the spindles themselves, but on their sup- 
ports, the spindles revolve safely at the upper ends of 
their supports; they can make 1,000 revolutions in 
slubbing machines, 1,500 in intermediate frames, and 
2,000 in roving frames. 

In connection with this came also an improvement 
in the centrifugal presser.” This is a wire with a 
short arm or finger at the end of a hollow flyer, and 
which is pressed against the threads of the spool as 
it revolves. In order that, if the spindle were sud- 



denly to stop," the presser should not fly off and break 
or sprain the rovings, it is balanced upon a sloping 
plane of the flyer, and weighted at the other end. 
This weighting would cause the flyer to rise up were 
it not prevented by its own weight. For further 
explanation the accompanying figure (11) will serve. 
a is the spindle, h the flyer, c the bobbin, d the support 
going to the middle, upon which the collar attached to 
the joint / slides when the platform g rises or sinks. 
h is ihe presser, with the finger k, and is suspended 
from the sloping plane %. 

Details and Draotieal Management of the Slubbing Freoeee 
of the Cotton Tam XannlSseture. 

In passing from the drawing frame to the slubbing 
frame in all coarse spinning mills, and some mills wherA 
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medium counts of yams are spun^ and where a good of each layer of sliver on the bobbin> the latter require# 
dean quality of 3rarn is to be produced, there comes in a different speeds A change in speed is accomplished 
a machine called a “ combing machine ; but we shall by means of conical drums, and a motion in connection 
pass on to the process of 0081*86 or medium counts with them called ** differential.” This can be set to the 
spinning, commonly called ‘‘ carded yam.” Our re- greatest nicety by the change of a wheel, 
marks on the combing machine will follow at a later The cotton sliver, or coarse partially twisted thread,, 
stage, if space will permit. as it may be called, is then in a convenient condition 

The ** slabbing frame ” has altogether a different for transporting from the slabbing frame to the next 
aim to that of the drawing frame in its arrange- frame — ‘‘intermediate.” 
ments and its porpose. The drawing frame is not The Intermediate Sluhbing Frame, 

intended to redace the sliver in thickness, though in Tlie slabbing frame may be said to have mom 
some rare instances the sliver at the last head of complicated machinery about it to cany out the third 
drawing is slightly lighter than it was when it left pai't — that of winding-on of the sliver or thread part 


the carding engine. We have already described the 
functions of the drawing frame. The slabbing frame 
performs three things, which are its special aim : the 
first is to reduce the sliver in thickness to about 
one-fifth that of which it was when it left the draw- 
ing. The sliver being dmwn out to such an extent, 
it is then of course veiy thin. The thinness of the 
sliver and that of the fibres lying side by side, it is 
then not strong enough to cany its own w'eight for or 
to any other process, and therefore the second object 
of the arrangement is brought into opemtion — ^that 
of “ tw'isting the sliver ” as it leaves the rollers — and 
thus the twisted sliver, being so reduced, forms a 
sliver or roving in the form of a single strand, iind 
in this state it is wound upon a bobbin. When the 
bobbin is full it is removed fi*om the spindle and an 
empty one supplied. Thirdly, the winding-on of the 
roving to a bobbin, by the means of a flyer which 
is attached to the spindle, and the revolution of 
the spindle and bobbin, twdsts the drawn or thin 
sliver as it leaves the rollers wdiere it has been 
drawn, and it then passes dowm a hollow tube in the 
leg of the flyer. The flyer is in shape like a two- 
legged fork, only one leg of the fork is hollow. The 
hollow leg contains the roving, and thus keeps it 
from flying about and being entangled with any other 
part, either of the flyer or spindle. The slabbing 
frame, like that of the former machinery named, is 
driven in the first place by a belt or strap, and the 
rollers receive their motion from the belt shaft by 
means of wheels, and therefore they are driven by 
tooth and pinion. In the same way and from the 
same shaft are the spindles and bobbins driven. The 
spindles and bobbins are driven independently of each 
other. The necessity of this will be evident to the reader 
when he reflects that the spindle and roller have to be 
so connected as to keep the same amount of twist in 
the roving throughout, and the bobbin has to be so 
speeded as to take up the sliver always at the same 
tension ; the bobbin and the spindle, one giving the 
twist and the other taking up the roving, there must 
bo some system of altering the relative speed of each. 
An arrangement is so contrived that for the completion 


to a bobbin. The frame part of it is of coarse so 
arranged as to be convenient to embrace all the 
working parts. Tlie sluhbing frame is so constructed 
that the cans containing the slivers after being drawn 
at the drawing frame can be conveniently arranged 
along the whole length of the fmme. The sliver 
fi-om each can is put up to the rollers, and is thua 
carried through and drawn in the rollers precisely 
as in that of the drawing-frame rollers ; the only 
difference in the rollers of the two frames l^eing 
that the drawing frame has in its armngernents four 
rows of rollers, while the slubbing frame has but 
three rows. The process of drawing is the same,, 
excepting that the drawing frame draws six ends 
into one, and the slubber draws but one end wdth a 
draft of about five — i.e., it draw's the sliver to five 
times the length at the finish of that at which it waa- 
when it left the drawing frame. The slubbing ia 
really the first process which reduces the sliver to any 
appreciable extent. The slubbing frame has two 
rows of spindles, one row behind the other, but not 
directly so, — more in a zigzag form, so as to receive 
the sliver in a direct line from the roller to that 
of the top of the spindle, where it enters the flyer,, 
without coming in contact with another, and also 
for the convenience of driving the spindles, as each 
row is driven from separate shafts. The slubbing 
frame varies in length, perhaps more so than in any 
other frame which follows. Seldom are slubbing 
frames made with less than thiiiy spindles in, and 
seldom with more than sixty. The slubbing frame 
being the first frame to reduce the sliver in thickness, 
it will be seen that the sliver w'ill in this case be thicker, 
and therefore the roving have less twist in it per inch, 
and in this way the bobbin on which it is wound is. 
sooner filled. To meet this incident a larger bobbin 
is used — i.e., a longer one in lift (length), and also 
much thicker when finished. One spindle of a slubber 
will supply about four spindles of the frame which 
follows (the intermediate), from which it will be seen 
that the slubber does not require to have so many 
sidles in it as that of the finer frames which 
wlow. 
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IHE IBIOKLAYEE OB BBXOKSBTTEB. 

TfiB PBnrOIPLBS Am PEICTXCAL DWtAltB Of HX8 WOBIC 

OHAPTEE XIII. 

Herf «xid OhlsiiMf Stoobi* 

In fig. 4, Hate CXLVl., we give at a the first com*se, 
and at B the second course, of a pier built hollow, the 
hollow space in a 5 being fourteen inchessquare, the 
outside wall being a brick thick. Fig. 5, Plate CXLVl., 
diagram A, is the elevation of the side g i, b of the 
side g h ot fig. 4. Fig. 6, same Plate, may also be 
taken as the first and second courses of a “ flue ” or 
chimney stalk — 9-inch-by-14 one, the thickness of 
outside wall being one brick. Of these two plans we 
give part side elevation in a, fig. 7, Plate CXLVl., 
and in B part end elevation. In fig. 1, Plate CLIV., 
at A we give plan of first course of a ** chimney stalk,” 


of a wall to resist the action of damp and of driving 
rains depends upon the way in which the joints are 
made good. The first operation of “pointing” is to 
remove all the mortar from the face of the wall wldch 
has been pressed out from between the bricks (or 
stones) in placing them in bed ; the mortar is next 
removed from between the joints, and for some dis- 
tance inwards, this being done in order to give a 
“ key,” bond or hold for the mortar or cement with 
which the pointing is done. The joints between the 
bricks (or stones) being thus opened up, the loose dust is 
next blown or bi-ushed out, and the mortar or cement 
is inserted carefully into the joint, and pressed well 
up into the cavity so as to get a good hold. There 
are more ways than one of finishing oflT the outside of 
the joint or of its face. What is called a “rule joint,” 
— “ pointed and finished ofif with a flat rule joint,” — is 
done by bringing the mortar or cement a little forward 



Fig. 37. 


or a “hollow pier” of which the length is greater 
than the breadth. If fig. 1, Plate CLIV,, bo taken 
as the plan of a chimney stalk, it gives a flue a, 
14 inches by 9, and a second flue 6, 14 inches 
square ; in b, fig. 1, Plate CLIV., we give the second 
course ; in fig. 2, same Plate, in a the elevation of 
the courses of the side e d, fig. 1, Plate CLIV. ; 
and in b, fig. 2, Plate CLIV., elevation of the end 
e e, fig. 1, Plate CLIV. 

Pointing. — In finishing off the outside faces of brick 
walls, the operation of pointing is resorted to; this 
consists in filling up all the joints with a superior 
mortar, and in the best class of work with cement. 
To properly “ point ” a wall requires great care, and 
indeed skill, where thorough neatness and finish in 
the joint are to be secured. Moreover, pointing requires 
to be conscientiously done, for much of the capability 


in front of the face of wall, and finishing its lower 
and upper edges perfectly square and level by means 
of a flat straight-edge or rule applied to the joint, as 
shovrn in diagi'ams A and B, fig. 37, which represent 
pointed work in “ Old English ” and “ Flemish ” bond 
respectively. The diagrams to the right of this figure 
illustrate “ pointing ” : a a shows two adjacent bricks, 
with the mortar between them represented by a thick 
line; part of this is picked out in front, as at c, 
and the space filled up, as at d, with fine mortar or 
cement ; and when flush with the surface of the wall,, 
as shown, it is called plain pointing, but when filled 
in with a part projecting, as at e, and finished as above 
described, it is called “ rule ” pointing, shown in front 
view at /. The diagrams a and B will perhaps enable 
the student to decide for himself the much disputed 
point, already alluded to, as *o whether the “ Flemish 
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bond, as in B, is so much more be]tutiful or pleasing 
to look at than the Old English ” in a. All this is 
done with the point of a finely pointed trowel. In 
some classes of brickwork the cement used for point- 
ing is mixed with a proportion of lampblack : this 
gives the wall a series of horirontal and vertical lines 
(of the joints) in black, which is by some supposed to 
impart a higher finish or look to the wall than when 
the mortar or the cement is left its natural colour. 
In rough pointing the outer face of the joint after 
being filled up as above described is finished off simply 
with the point of the trowel, without the application 
of the rule or the straight-edge. In some cases the 
face of the joint is wrought to a point or sharp arris 
or edge, as at ^ in fig, 37, this being done to throw ofi* 
the water from the joint ; but such methods as this 
have not been successful. What is called ** flush 
pointing ” is literally facing a wall with a coating of 
cement, generally Koman cement, to enable the brick- 
work the better to I'esist the weather, or to conceal 
the fact that the wall is of brick, and to induce the 
belief that it is stone — a make-believe ’’ or sham which 



Pig. 38. 


is always a failure, as all shams deserve to be. It is 
altogether a mistake to suppose that a cemented house 
front would look better than a brick wall. Brickwork 
well executed is in itself a beautiful object — infinitely 
more so, at all events, than a cemented front purporting 
to be stone, which nobody is deceived by, and which, 
from the cement used being generally of bad quality 
and scaling or peeling rapidly and irregularly ofi*, gives 
a look which is beyond mistake shabby, and tells its 
own tale. Even if the brickwork be not well pointed 
or pointed with a rule joint, if it is good — that is, the 
bricks sound and well laid — it looks better, and this if 
for no other reason than that it looks what it is, and 
caiTies no pretence with it. It is honest-looking work, 
which cannot be said of cemented work, with which, 
either from a constructive, an aesthetic, or a moral 
point of view — the latter when the purpose of cement 
is to deceive — we have not the slightest sympathy. 

Diagonal Bond. 

In addition to the classes of bond we have illus- 
trated, there are several others, some practised on 


Oontinent, where brickwork has recinved its best and 
widest developments, some in this country. The bond 
used in certain species of hollow bnck or cavity walls 
may be called an extra or new variety. Although not 
new, having been long practised, are the bonds known 
aa the diagonal ” and the herring bond ; the latter, 
indeed, may be classed amongst the oldest of bonds, 
— the diagonal being but a variety or sub-class of it. 
This — the diagonal — is illustrated iu fig. 38. It is 
chiefly used for filling in the interior spaces of brick 
walls or coui'ses, such as those of foundation courses. 
It is obviously not applicable to walls of inferior 
thickness or depth from front to back, as there must 
be room in the interior spaces in each course — that is, 
between the line of inside and outside bricks — for the 
diagonal bricks to lie in. The minimum depth from 
front to back in the thickness of wall is that equal to 
two bricks long, and the bond invariably used or that 
adapted to diagonal work is Old English — that is, 
alternate courses of headers and stretchers. The angle 
at which the diagonal bricks lie, as a a a a in fig. 38, 
is that of 45°, but if the student will make up some 
courses in model bricks giving different thickness 
of walls, he will find that the angle will have to be 
varied according to circumstances. The illustrations 
in figs. 38 and 39 (for the latter of wliich see next 
chapter) are not designed to show further than 
the arrangement of the diagonal bricks and their 
relation to the outside course of bricks which form 
the inclosing space within which the dingonal bricks 
lie, such as the stretchers 5 5, c c. It will be observed 
that, whatever be the angle at which the diagonal 
bricks lie in relation to the outside bricks, they will 
only touch the inside of these inclosing bricks at 
points, and will form angular spaces, as d d, shown in 
black in the diagmm. These spaces will vary in size 
and outline according as the angle of the bricks varies, 
and are usually filled up or grouted w ith mortar or 
pieces of biick, or left void, thus forming a species 
of hollow wall. In diagonal work the bricks lie at 
opposing angles in the alternate courses. Thus, if 
fig. 38 be taken as the first diagonal course, the angle 
or inclination being from left to right, the next 
diagonal course will have the inclination in the oppo- 
site direction, as from right to left. By looWng 
through the sheet or page of paper on which fig, 38 
is printed, but with the opposite side of the paper 
nearest the eye, the arrangement here lost indicated 
will be illustrated. In diagonal brickwork, the first 
course is that of the ordinary brick bond: thus, if the 
wall be two bricks (lengths) in thickness, the first course 
will be two lines of headers placed end to end; in 
three brickwork, three lines of headers placed in the 
same way, and in three-and-a-half brickwork three lines 
of headers end to end. 
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THE TECHHICAL STUDEHTS IVIBODnCTIOH 
TO THE OEVEEAL PHIHCIPLES OF 
XECHAHIC8. 

Laws affjbctikg Katukal Phskomena^Matteb 
AND Motion. 

CHAPTER XXVIII. 

Csntritegtl sad ^tripsUl 1mm (ponSnued). 

In dssonbing the simple process of projecting a stone 
from a sliilg, we have at the oomlwAm of last chapter 
ezplaiiied the two foreas hrooi^t intb action. Those 
two forces are alwi^ existing in all Wies moving 
in eiroul^ directions ; and in meehahioalwoi^j as it is 
the centrifugal force which is the most powerful in 
doing misohief/it is the aim of the mechanist so to 
arrange his parts that while they have weight or 
mass enough to give with the velocity of their revo- 
lution or circular motion the momentum or force 
desired, they shall be strong enough to resist the 
power, so to say, of the centrifugal force generated 
by the moving body, so as to keep it whole or in good 
working order. 

The Centrifugal Poree. 

This centrifugal force in heavy bodies moving 
at high velocities, if not In this way duly provided 
for, is so powerful in its effects when left free to act, 
that grave disasters to life and property frequently 
accrue fi*om this. What a break-down ” is, which 
is caused by the heavy rim of a fiy-wheel becoming 
fractured and a part or parts of it flying off, many 
engineers have had costly experience of. The great 
damage done also by the breaking off of a piece 
or pieces of a heavy grindstone is due to the fact 
of the centrifugal force being greater than the 
'‘cohesive force, or, to use the more popular ex- 
pression, of the cohesion of the grindstone, which 
tends to keep them in contact so as to form a perfect 
whole. But while forces which he may himself civate 
in order to serve a useful purpose may prove — unless 
duly provided for and against — to be destructive 
agencies, those same foi'ces can be, and are, made 
every day as willing as they ai’e powerful servants to 
do his varied and ever-varying work. This centrifugiil 
force, so powerfully destnictive when acting in a 
wrong, has, in its useful developments, when controlled 
in a right direction, been made to do valuable work. 
We can, of course, find space to name but a few of 
all the ways in which tho machinist avails lumself 
of this centrifugal foixje to do a variety of work in 
industrial operations. One of its most simple and 
direct applications, and which in its varied modifica- 
tions has been of vast service to numerous branches of 
industrial work, is met with in the centrifugal drying 
machine. This, briefly described and illustrated by 
a mere diagram, consists of a central cylindrical 
r^ptacle, bung vertically on a central shaft, which 
VOL. IV. 


gives it a rotation of great velocity, and surrounded by 
an outer cylinder, of so much larger diameter as to 
leave a space, as a a (fig. 30), between the two 
cylinders. The inner cylinder, 6 6, is made with 
a perforated periphery, making it, as it were, a 
cylindrical sieve; the wet cloth or other substance 
from which the superfluous water is to be expelled is 
placed in the inside of this perforated cylinder, and 
the whole covered up. Motion is then given to the 
central shaft at a high speed, and the wet cloth, etc., 
is, by the centrifugal force generated, driven up — in 
its efforts to fly from the central shaft — and as it 
cannot escape to fly off in straight lines, as it would if 
left free, is, in being carried round with the (^linder, 
pressed up against its inner surface with such force 
or power that the water is squeezed out of the folds 
of the doth, and passing through the perforations, 
falls into the free space a a. We say falls, but if one 
could see inside this space, one would And, as the water 
passed from the inner to the outer face of the revolv- 
ing cylinder, that it was dashed or thrown off from 
the outer face in straight lines, and being caught by 
the surface of the outer cylinder or cover, trickled 
down to the lower part of the annular space a a. Here 


r 

I ^ 

Fig. 80 . 

the “ centripetal ** force is that exerted or generated 
by the rapid rotation of the centi’al shaft of the 
perforated and revolving cylinder, and which is con- 
nected to the cylinder by the arms or disc ; and heiv 
the shaft represents the hand and wrist oi* arm of the 
stone slinger, — the arms of the disc which connects the 
shaft with the outer perfoiated cylinder tlie cord or 
string of the sling, — and the sides or periphery of the 
perforated cylinder the sling itself. In this macliine 
it is scaix^ely necessary to state that the inner or 
perforated cylinder revolves or rotates round its 
centre or axis; the outer cylinder, which acts as a 
cover, being stationary. We have had occasion in the 
preceding paragraphs, and in the present one, to use 
the words rotiition and revolution. As tlies© are what 
may be called “ stock terms ” in the vociibulary of the 
mechanic, in use perpetually, it will be well here, in 
accordance with the plan of treatment adopted in this 
work, \ q sliow their derivation. In one sense the two 
terms are synonymous or similar or convertible ; in 
another they are not so. As a rule we associate with 
the term “ rotation ” — a circular movement round a 
central axis— tho idea of a slow, or comparatively 
alow, velocity ; with “ revolution ” a higher velocity. 
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Omirould wmredy »y apuUey mad® an enormoua 

nandMr "rotations,”— one would almost certainly 
emplcy the word “revolutions." The term “roW 
tion " is derived directly from the latin rotors, and 
this from rota, a wheel. So that to rotate is to 
turn round as a wheel does, and rotation is the act 
of turning round. Revolve is alM derived from 
the Latin — the two words re, again or back, and 
vdvm, to roll or turn round. We see, then, that 
the distinction generally made between the two terms, 
as above noted, is based upon an accurate conception 
of the derivation of the two words: thus, rotation 
conveys the idea that it is movement or motion round 
a centre, or like a wheel {rota, a wheel) ; revolutions, 
the number of turns the wheel takes (volvert, to turn 
round). 

Inereafe of Centrifagal Force. 

When a bodr, as a stone carried or snspcndei! in 
a sling, is swung round in a circle, the cord which 
connects the sling to the hand is stretched tightly, 
and has a certain strain exercised upon it> tending 
to break it. The stone, as it swings round, has 
an accelerated motion at every deviation from its 
natumi straight line (see preceding paragraphs). The 
strain or stretch upon the string or cord is a force which 
is to the weight or mass of the stone as double the 
free descent or space fallen through, due to the velocity 


h»T0 mm iimt whik moOw b ttatunllj itMOglil, 
it iB, when acted npdn hf a otkw tiiaa the 
original foiee, bent out ol the ebraiglit line^ and 
takes a carved path® In the eaee of the force of 
gravitation only acting ae the Unding loroi^ we 
have seen that the carve assumed hy the body as it 
approaches the earth's surface is that of a pambola, 
subject to certain moiUdcations, as in the case of 
water projected over weirs or through the openings 
of sluice gates. In the case of bodies moving freely 
along surfaces under the action of a given force, the 
form of the curve or the path of motion of the body 
under the influence of the forcse is dependent greatly 
upon certain conditions existing in the body, its form, 
and the nature of its surface. Some of the phenomena 
coining under this head present many features of 
practical interest, and may be usefully glanced at. 

In a preceding paragraph wo have referred to tlie 
influence of what is popularly called “ bias ” in pro- 
jectiles, as in the balls used in ** bowling.” The points 
opened up by this, affecting many of the mechanical 
problems connected with rollers,” which play such an 
important part in a wide range of industrial work, 
will now he glanced at. Discarding for the present the 
effects of friction in tlie aises of Inidies rolling along 
flat surfacas under the influence of a force exerted 
upon them in a certain direction, a perfect ball or 


of the mass in falling, is to the radius of the circle which 
the stone describes as it is swung round. Centrifugal 
force — or, as in the case of the sling here noted, the 
strain tending to break the cord— increases as the 
square of the velocity ; and in bodie.s having a motion 
of rotation round an axis this velocity is measured by 
the number of revolutions : the centrifugal force is as 
the square of the number of revolutions, and simply as 
the diameter. To obtain increased centrifugal force 
>ve can therefore either increase the diameter, or with 
a less diameter we can increase the speed ; and in 
practice the last will bo found generally to be the 
best expedient. To And the ten.sile or rupturing 
strain upon a cord or wire which is fastened to a mass 
or weight, commence to revolve rapidly, square the 
velocity in feet per second, multiply this by the 
weight of the mass, and this by two, divide the pro- 
duct thus obtained by twice the free descent, and this 
by the length of the wire. Where the speed or 


sphere is, so to say, indifferent to the position it may 
occupy — that is, it will roll along however it may be 
projected, any point on its surface being at the same 
distance from its centre as any other point, and the 
ball or sphere, a& a b c d (fig. 31), having its '‘centre 
of gravity ” also at the true centre, e, of the sphere, 
this considered merely as a geometrical figure. How 
the change of its centre of gravity, so that it will 
not coincide with or be in the same point as the 
centre of the sphere, affects its relation to a given 
force, has been already described in discussing the 
points of “ centre of gravity.” Apart from fric- 
tion a perfect sphere or ball will roll freely along 
a given surface, as e /I with equal accui’acy of motion 
whether it be “ started,” so to say, with the point a, 
for example, uppermost or farthe.st from the lino c/, 
or with the point c or any other point. 

Form of a Biai in Bodiei canting Changtt In their Xotion. 


velocity of the whirling or revolving stone in the But if, in place of the ball being a perfect sphere, 
sling in relation to the diameter of the circle which it is so far “ out of the truth ” — to use the technical or 


it describes gives a tension equal to gravity, if the workshop phrase — that it has at a certain part of its 
sling is swung round in a horizontal path, the stone periphery a form different from that of a true sphere, or 


describes a plane at an angle of 45° with the cord or 
wii-e. 

Causes of Deviations from the natural Straight Line 
of Xotion of Xoving Bodies. 

In conn action wdth the illustrations in figs. 28, 29, 
30, and description in lost leading paragraph, we 


what is called a “ bias ” in the language of the bowling 
green given to it, it will no longer when projected 
along the surface, as e f, roll along it in a straight 
line — deviating neither to the right hand nor to the 
left — but it will have a curved path, and that in pro- 
4|fortion to the amount of its bias or departure from 
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tb«suilk^ #« tba tell 

to faaveii lalM «t m «i^ iui iitV> ihxown ftom 

the hand along a iUt eurfaoe, as from the point h, in 
the hope that it will reach the point i, it will not do 
iM>i but will take a curved path and reach aome point, 
as jf to the right of t. We may further assume that 
the ball baa a double bias, so that it assumes the form 
shown at ib ^ m : if adjusted by the hand of the player 
and projected with force sufficient — no other disturbing 
force coming into play— so that the^ ball rolls upon 
the part ll, it will go in a straight line just as the 
cylinder n n will, as each point in its surface is equi- 
distant from its centre ; but the path of the ball will 
be in a curve, and that either to the right, as Aj ( fig. 31 ), 
or to the left as a A (fig. 32), according as the ball is 
adjusted and projected to be acted upon by the bias 
Imor I kin^g. 31. And if we suppose that while at 
rest the body klm remains balanced on the cylindrical 
part 1 1 , 60 that k and ni are free from the ground, but 
60 nicely balanced that any slight disturbing force, such 


disturbing influence, the cylinder wilt roll adong in 
a straight line in the direction of the force acting 
upon it. But if we trim down the cylinder so as to 
make the one end much smaller than the other — as 
the end u than the end WW — ^we find that this conical 
roller will no longer roll along in a straight line, but 
in a curved. The reason for this the youthful student 
wOl easily understand from what has been said above } 
for the diameter of the end fi (fig, 32), being so much 
greater than that at n n (fig. 31), the length of surface 
gone over by it during one revolution of the cone will 
be just so much the greater than that gone over by the 
small end n^n^(fig. 31 ). Thus, suppose the circumferential 
line, during one revolution of this small end, terminates 
at h — the completion of the revolution — the terminal 
point of the larger circumference of /t will be at j. 
The result, therefore, is a curved path, and the 
curvature or sharpness of this will be in proportion to 
the incline or angle of the cone. The direction of the 
curve will be reversed by reversing the cone, as at I 



as that brought into play by some obstacle lying in the 
path of the moving ball, we can easily suppose that 
inequalities of the surface, os, say, tufts of grass in the 
bowling green, will cause the ball at some parts to be 
rolling on side I m, at otlier parts on side I k ; and 
the result of these actions will bo that we have a line 
of motion or a path zigzag, or going alternately to the 
light hand and the left. Thus, when the ball rolls 
on bias Im (fig. 31), it will, move in the curve c 
(fig. 32), and when an obstacle tilts up the ball so 
that it now moves on the bias I k (fig. 31), the curve 
will be to the left, as from dto e (fig. 32). How this 
change of shape brings about the change of path 
of motion of a body rolling freely along a level or 
rather a flat surface, is explained by the diagram at 
f J 32). In the cai5e of the cylinder at n n 
(fig. 31) — this being of uniform diameter throughout 
its length — the length of the circumference at end 
n n will be equal to that at end n* w', and when rolling 
filong the ground the length of ground surface gone 
over by each end will be the same ; so that, apart from 


(fig. 32), And just as we saw in the case of the ball 
with a double “bias,’* as klm (fig. 31), so in the 
case of a double cone w’e see that when projected from 
the hand along a level surface with force, it would have 
a waddling or zigzag lino of path, going now to the 
right, now to the left, according as it was tilted up and its 
position changed by obstacles meeting it ; just as the 
cone 1 or the cone 2 was made to come in contact with 
the surface on which the double cone is moved along. 
In like manner we see that the movements of cylinders, 
as nnn' n* (fig. 31), would be dependent upon the 
position of the small ends, whether as at / 1 A i, or 
/ I (fig. 32). 

Cliaogei in the Direction of Xotion of Bodies. 

In many of the circumstances of daily life the 
influence bf what is called “ bias, ’ in conjunction with 
centrifugal force, is exemplified in causing changes in 
the direction of motion. A man in rolling a barrel— 
which is shaped something like k I m in fig. 31 
— along the ground, can make it take a straight or a 
curved line of motion, and this latter either to the 
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right or to the left, simply by making it roll either on 
the highest part of the barrel, as at or on the smaller 
end, k or m. The change in direction of motion in a 
rolling body, according to the change in the condition 
of its roiling surface, is exemplified very clearly in the 
familiar motions of a coin which has fallen, say, on the 
floor from the hand of one who has been handling it. 
The velocity or momentum due to the height from 
which it has fallen — if it does not fall perfectly on its 
fl4t side and remain at rest — sends it off* rolling on its 
edge along the floor. So long as it 1*0118 “ truly ” on 
its edge, the eye will see that it takes a straight course. 
In practice, however, a coin so rolling rolls in a curved 
line, or more frequently in a series of curved lines in 
alternate directions ; and it is this which mtikes it so 
ditticult generally to And a dropped coin, as it rolls 
rapidly aside and goes under some piece of furniture, 
or rolls in a direction quite contrary to that in which 
it is supposed to have gone. The reason for the 
change of direction of motion is that the obstructions 
on the floor surface cause one side of the coin to be 


that side, as at point p in fig. 32 ; this imparts to it a 
tendency to move in that curve ; but the tendency of 
his body, under the influence of centrifugal force, being 
to move in a straight line, the body does not follow in 
the curve quickly enough, and the result of the two 
tendencies is to throw the body once more into the 
perpendicular, and he is thus saved fi*om falling. It 
is precisely this principle which keeps a hoop with a 
narrow rolling edge when rolling from falling on its 
side — supposing the impelling or propelling force is 
sufficient to give it motion. So soon as an obstacle 
on the ground causes it to tilt up to one side, and 
to run therefore on one edge, as at p, the tendency 
to sweep oif in a curve towards the right hand being 
met by the centrifugal tendency to go in a straight 
line, brings the hoop to run on its flat edge, as at o 
— or the central point, r, if the rim be round — and 
thus assume the perpendicular. These influences, in 
the course of a long motion, may be repeated again 
in operation ; they are always ready to act, and the 
hoop, so to say, goes through them intuitively, just as 






tilted up, so that from rolling on its rim, os at o 
in fig. 32, it assumes the position, say, as at p, 
and, running on its edge, it describes a line which, 
although in reality forming a spiral, carries it on in a 
curved line to the right, till another obstruction causes 
it to tilt over to the left, as at when, rolling on its 
opposite edge, it rolls towards the left. The student 
should think out those three positions in relation to 
the force which causes the coin to roll. A beautiful 
exemplification of the influence of bias or change of 
position of a body moving swiftly over a surface is 
met with in the practice of the skater, in enabling 
him to describe an infinite variety of cuives on the ice 
in his career; and this he does by simply changing 
the relation of the sole or flat edge, o, of his skate, as 
at p and q in fig. 32. By changes also in this way 
he keeps himself from falling ; for, just as a man on a 
horse, in turning a sharp comer swiftly, gives bearing 
or ‘‘bias*' toimrda the comer, in like manner, if 
the skater finds that he is likely to fall towards, say, 
the right hand, he gives his skate a “set” towards 


the skater does. But perhaps the most familiar illus- 
tration now-a-days of the principle here explained, in 
which these tendencies are made available in preventing 
falling, is met with in the case of the “ bicycle,” the 
conditions of motion of which the student should 
think over. The performer in a circus, on feeling 
that he and his horse have, in their intuitive desire 
to correct the influence of centrifugal force, given 
too much bias, and that they have a tendency to fall 
inwards, increases the speed of his horse, and thus gives 
the desired tendency to rise up from the angle or 
inclination to falling — the converse work of reducing 
the speed of his horse being gone through if he 
feels a tendency to fall outwards or from the centre 
of the ring. All this is done by the practised circus 
performer, and so also by the bicyclist, whose per- 
formances create such surprise to those who are 
not acquainted with the actual laws upon which his 
performance depends. There are in connection with 
bicycling many curious mechanical points, which the 
student will do well to consider. 



THE STEEL MAK6R. 


87 


STSSlii If AK R&» 

The Details of His Wobk— The Principles of its 
pBOOBSSBS— T he Qualities and Chabactbeistics op 
ITS Products* 

CHAPTEK XII. 

In continuation of the subject of the process of 
steel making on the Bessemer system, which was 
begun in preceding chapter, the inventor proceeds: 
<< Instead of tilting the casting ladle for pouring into 
the moulds, it is made with a hole in the bottom 
dtted with a fireclay seating, fig. 6, and closed by a 
conical plug of fireclay, m, forming a conical valve. 
The valve rod n is coated with loam and bent over at 
the top, and works in guides on the outside of the 
ladle, with a handle, o, for opening and closing the 
valve. By thus tapping the metal from below, no 
fioating scoria or other fioating impurities are allowed 
to run into the mould, and the stream of fluid steel is 
dropped straight down the centre of the mould right 
to the bottom, without coming in contact with the 
sides of the mould. The moulds are made of a 
slightly tnperevl form, as shown in fig. 6 at ^ A;, so 



that, as the ingot contracts in cooling, it liberates 
itself from the mould completely on all sides; and 
the mould is removed by being lifted off* the ingot 
when sufficiently set. The moulds are arranged in 
the moulding pit in an arc of the circle described by 
the casting ladle fig. 3. By this process from one 
to ten tons of crude iron may be converted into cast 
steel in thirty minutes, without employing any fuel 
except that required for melting the pig iron and for 
the preliminary heating of the converting vessel, the 
process being effected entirely without manipulation. 
The loss on the weight of crude iron is from 14 to 
18 pe;* cent, with English iron worked in small 
quantities; but the result of working with a purer 
ii*on in Sweden has been carefully noted for two con- 
secutive weeks, and the loss on the weight of fluid 
iron tapped from the blast furnace was ascertained to 
be only 8| per cent.” 

Since the above was written, vast improvemehts in 
the manufacture of steel have been made, to such an 
extent that the process of actual making may be said 
to be quite a new one; but the above gives a veiy 
clear exposition of the general process, and that fi'om 
the pen of the inventor of the himself. 


Sarly Improvements in the Bessemer Steel Xaldng Process. 

We have already said that so complete a grasp 
had Sir Henry Bessemer taken of the system of 
working out his process of steel making, and of the 
mechani^l necessities which this demanded, that the 
arrangements he devised for the works fitted up at an 
early period in the history of the invention, and of 
which the preceding description and illustration afford 
an excellent example, are almost identically the 
arrangements of the present day. The converter, the 
tipping contrivance, the hydraulic crane and ladle — 
indeed, as we have just said, the whole arrangements 
— although they have received modifications and 
improvements in detail, remain in works of the 
present day the same in all essential features as in 
those works erected or fitted up with the apparatus 
some twenty-three years ago, that being the extent of 
the interval which has elapsed between the date at 
which we write and that of the publication of the 
paper by Sir Henry Bessemer of which we have given 
the principal matter in the preceding paragraph and 
illustrated by figs. 1 to 6 inclusive. -It is not to every 
invention that the high praise involved in the above 
statement can be accorded. The improvements which 
have been made have consisted chiefly in more econo- 
mical methods of working the process generally. We 
now proceed to notice those improvements which have 
made the process one not merely more economically, 
but much more quickly and directly carried out, than 
it was at the earlier period we have just alluded to. 
At the end of the preceding paragraph a reference 
is made to the reverberatory furnace” as forming in 
its use part of the then method of carrying out the 
Bessemer process. This furnace formed, in fact, a 
most essential part of it, it being then considered 
necessary to re-melt in a special furnace the cast 
iron, the original product of the largo or ordinary 
blast furnaces. It is right to state that in his 
original conception of the process Sir Henry 
Bessemer designed to operate at once on the cast 
iron as it was produced in the blast furnace— 
without the intervention of any re-melting or heating 
furnace. That this plan was not from the first adopted 
aix)se from a variety of circumstances, amongst which 
was doubtless the impurities of the cast iron, arising 
from the debased character of the ores employed, con- 
taining, as so many did, and still unfortunately do, 
so large a percentage of the chief debasing elements, 
phosphorus and sulphur. Whatever the cause which 
made what we may call the roundabout system of 
w’orking, in which the cast-iron was first taken from 
the blast furnace, then re-melted in the reverberatory 
furnace, and finally passed through the converter, it 
was for long considered absolutely essential that this 
should be the process by which Bessemer steel was 
to be produced. And for long, greatly to the increase 
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of the cost of the new metal— for the I’e-melting occa- 
sioned, as we shall presently see, a large consumption 
of fuel, to say nothing of the original cost of the 
furnaces and their maintenance in working order and 
efficiency — the roundabout or indirect process was 
carried out. No one for a long time seemed to think 
that it was other than necessary, or that it was worth 
while to put the notion to the actual test of practice 
that it might be dispensed with, and a more if not 
an absolutely direct process substituted. 

We have a parallel case to this condition of things 
in the invention of railways and railway locomotives. 
For a long time it was considered to be a fact that 
there was so little adhesion or ** grip ** between the 
surface of the rails and that of the periphery or tyre 
of the driving wheel, that unless special means were 
taken to make or incretise the gi’ip, the power of the 
engine would be merely expended in causing the 
driving wheels to revolve wdthout causing the machine 
writh its attendant load of carriages to progress along 
the rails. To overcome the fancied difficulty no end 
of ingenious mechanical contrivances were brought 
out, and several patented, amongst which we may 
name the curious arrangement of Blenkinsop, by 
which the leg motion of a horse was imitated in a 
w’^ay almost comical in its conception, ingenious as 
were the means by w'hich it was realised. The mind 
even of sucli a thoroughly practical man (is George 
Stephenson — the true father of the railway system — 
was so dominated by this fanciful notion that he 
entered the list of inventors who brought out con- 
trivances by which the fancied difficulty wfis to be 
overcome. Tlie history of mechanical improvement 
has not recorded the name of the bold mechanic 
who first conceived tljat this ** difficulty ” of the early 
locomotive makers was in ideality a fancy or mere 
belief taken up and maintained without any reference 
to facts as they were ; nor does it record the time or 
period in the progress of railway invention wlicn this 
individual, whoever he w^as, boldly put the point to 
the test of practice, and showed beyond a doubt that 
the difficulty was in reality a mere fancy. All that 
we know is that the ** difficulty ** suddenly ceased to be 
considered as one really existing, and the progress of 
the locomotive to its present state of nearly absolute 
perfection was secured. 

In this question of the Bessemer steel making, 
history is not so silent as to him w'ho first questioned 
the correctness of the fact, maintained by all to be 
one, that the re-melting '' was a necessity of the 
process. It does not, however, say precisely who 
this was, for there are two claimants for the honour 
of the discovery : one Mr. George Brown, a member 
of the well-knowTi steel making firm of Sir John 
Brown and Co., of Sheffield; the other Mr. John 
Bird, of the Eailway Steel and Plant Co., of Newton 


Heath, near Manchester. This latter gentleman 
was, if not the first in the field with the new idea 
that there was no necessity to employ the round- 
about system of re-melting, but that steel could be 
made by the converter from cast iron taken directly 
to it from a blast furnace, certainly, so far as evi- 
dence goes, the first publicly to announce its success- 
ful adoption, in a special paper read so early as 
1868 before a meeting of the ‘^Association of the 
Employers, Foremen, and Draughtsmen of the 
Mechanical Trades.” The point involved is one of 
special importance in the history of the trade, 
inasmuch as it succeeded in effecting so large a 
Siiving of time and money in individual cases that, 
taken in the aggregate, it amounted to an enormous 
sum, increasing in proportion daily as the Bessemer 
process itself increased ; and it conveys also a prac- 
tically suggestive lesson to the mechanical student. 

Working the Besiemer Converter with Cast Iron taken directly 
from the Blast Furnace. 

The substitution, in this plan of working, of the 
blast cupola for the air-draught reverberatory furnace, 
formed an important step in the progress of tho 
Bessemer steel making process, and opened itp quite an 
extended area for its working, inasmuch as it saved 
a large and, as we have said, a useless expenditure, 
from much of the metal being lost by the reverbera- 
tory furnace, and sometimes, as we have seen, causing 
a direct loss of the whole, or nearly the whole, of 
the re-melting. But great an improvement in tho 
working of the Bessemer steel making process as the 
introduction of the cupola was, another step in tlio 
direction of simplifying its details was yet to bo 
made; and this was in the working of the process in 
a positively direct manner by doing away with the 
use even of the cupola, and by taking the cast iron 
directly from the ordinary blast furnace and carrying 
it in a molten state to the converter, where the process 
of conversion into steel is at once gone through with 
and completed. Here we have the sim])lification of 
the process carried out to its fullest extent, for there 
is nothing intervening between the blast furnace, in 
which the cast iron or “ pig ” is produced fi-om the 
crude ore, and the converter by which it is changed 
or “ converted ” into the steel known as Bessemer 
steel. This simplest of all methods of working the 
Bessemer process is obviously, however, dependent 
upon either the good quality of the “ pig,” produced 
from ores comparatively pure — that is, free from the 
most active of the debasing elements, phosphorus 
and sulphur — or upon some mixtures which will 
give as the produce of the blast furnace a “pig” 
which, when taken from the blast furnace and 
led or taken direct to the converter, will be of 
^at quality which will enable the process to be 
%rried out efficiently in the production of good 
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Bteel. We shall presently see how this essential 
element in the working of the direct ” method of 
working the Bessemer process is effected. Meanwhile 
it is noteworthy that, although wo have stated that 
this direct process carries the Bessemer system to 
its utmost limit of simplification, this is only com- 
parative, not absolute. For the production of steel, 
even in this process of working, is only so far indirect 
or roundabout that there is still rendered necessary 
the use of the blast furnace — which is the oldest but 
one of the iron manufacturing appliances — before the 
iron or “ pig can be produced upon which the con- 
verter is to operate. The true limit of simplification 
obviously lies in the direction of that process, yet 
to be discovered, by which the ‘‘converter” or some 
other form of vessel or appliance which may be neces- 
sitated by the new discovery, will take up and deal 
with the crude ores themselves, and at one operation 
change those or “convert” them at a coinmeicial 
profit on the large or working scale into steel. 

Making of Steel direct from the Iron Ore. 

This process of making steel direct from the ores 
has been the dream of many for a long peiiod ; and 
what has been done to realise it W'e have in a preceding 
chapter briefly glanced at. As yet the matter is but 
a dream ; although, when we know that such a man as 
Dr, Siemens was hard at w’ork for years upon the 
solution of the problem, it is not too much to hope 
that the dream will before long be realised, and 
the conversion of the crude ores into steels of 
vanous qualities — from the lowest, which may be 
classed only as the finest quality of wrought iron, 
up to the highest qualities of stool, capable of making 
cutting instruments of the highest eflSciency — 
become a practical fact, forming one of our regular 
trades. No doubt the possibility of this being yet 
done seems to many so unlikely that they in reality 
look upon the notion as in every sense the outcome 
of a “ dreamer’s mind.” But there has been surely 
enough done of late years, not in the wide field of 
general science, but in the comparatively limited one 
of metallurgy alone, to make one pause before so 
dogmatically deciding that a conception, or dream, or 
whatever he chooses to call it, cannot be realised in 
practice. The very subject we are now considering 
gives us the caution needed, to be guarded in our being 
so positively certain that this much -to-be-hoped-for 
realisation of the dream of not a few of our ablest 
metallurgists is a thing which is impossible. For 
there were those who sneered at the notion that the 
reverberatory furnace was not indispensably necessary 
to the Bessemer process. Mr. Birch has, indeed, told 
us that he had to practise a species of innocent decep- 
tion before he ventured publicly to expound his simple 
method of working, by which the reverberatory 
furnace, with all its inherent faults and consequent 


losses in time and material, was done away with by 
the introduction of the cupola. And, doubtless, 
when the cupola had been established, and become 
itself a “ thing to stand or swear by,’^ as the one thing 
which must be preserved, as had been the rever- 
beratory furnace in its day of supremacy, those wdio 
suggested that even it might be dispensed with 
were looked upon as only dreamers. The direct 
process of making steel at once from the iron ore 
— truly deserving the name — may yet, therefore, 
some day be ushered into the world of the iron trade ; 
and if, in addition to its capability of producing 
good steel from good ores, it can deal also with those 
which are debased, we shall then, indeed, see the 
manufacture of steel reduced to its simplest possible 
elements. 

BeBsemer Pig Iron.— The Cast Iron specially adapted for the 
Bessemer Process. 

We have said that one of the causes which led to 
the consideration that the roundabout process of 
re-melting the cast iron in special cupolas was necessary, 
was the impurities of the cast iron employed in the 
process and those arising from the debased ores used, 
the debasing elements or constituents being chiefly 
phosphorus and sulphur. In tnuing the history of 
the Bessemer process, we liave seen that the process 
did not, ns Sir Henry thought it would, completely 
eliminate or get rid of the phosphorus and sulphur 
present in the cjist iron he proposed to change or 
“convert” into steel, — and this chiefly by the enormous 
degree of heat which the process created. On the 
contmry, so far from this being the result of the 
process, Sir Heniy Bessemer was so beset with ditfi- 
culties arising from the presence of those debasing 
elements of phosphorus and sulphur in the metal he 
dealt with, and so impossible was it to got rid of them, 
that at one period the process was very nearly wrecked, 
and seemed doomed to be set aside as practically im- 
possible, correct as was the theory upon which it was 
based. And had it not been for the discovery of ores 
then, of the celebrated “Cleator” in Westmoreland, 
which were singularly free from phosphorus and 
sulphur, and w’hich lent themselves so aptly to the 
Bessemer process that the “pig” made from them 
became known as “ Bessemer pig ” iron, it now seems 
beyond a doubt that the process would have been a 
failure in place of the brilliant success we all know it 
to be now. Later still came the T1 omas-Gilclu'ist 
process of iron treatment, os adapted to the modern 
systems of making steel either on the Bessemer 
“ converter ” or the Siemens “ open hearth ” principle. 
This process seems to open up the positive prospect 
of even very debased ores being made available for 
the making of steel on one or other of the systems 
named above. 
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CHAPTER XII. 

Working Plant of the Cast Iron Manufacture.— Working of 
the Blast Furnace. — Hot Blast Furnaces (continue fl). 
Referring to what was said in preceding chapter 
under this title, wo have to point out that the blast 
furnaces, as wo have already said, are usually worked 
in pairs — so that one hoist will serve the two — 
although there may be more pairs than one. In 
gigantic establishments such as that of the celebrated 
works of Messrs. Bolckow, Vaughan, & Co., of 
Essen, near Middlesbrough, the blast furnaces are 
so numerous that, placed in lines or rows, they may 
be said to form streets of furnaces, the first view of 
vhich must always impress the spectator with a very 
vivid conception of the industrial power and resourc^es 
of our country. Immediately behind the two furnaces, 
i\s h h, in fig. 2, Plate CLXVII., there are two other 
furnaces constructed at the points d d. The office 
which these have to fulfil is the raising of the blast 
of air at the ordinary temperature, which is crei\ted 
by the blowing engine, up to the high temperature 
which distinguishes what is called the hoi bla.st,” a 
term used to denote the fact that the air sent into the 
furnace is not — as used to be universally the case at 
one period in the history of the iron manufacture — 
sent or blown into the furnace at the ordinary tem- 
perature of the air, but that it is heated to a degree 
far in excess of this. The hot blast, or rather the 
highly heated air which the hot-blast system demands, 
is created in the large volume required for the reduc- 
tion of the ore by the employment of one or other of 
two forms of furnace or heating apparatus. These 
two are known as the ordinary ** hot-blast furnace ” 
and the gas heated furnace,^' or one or other of the 
modifications of the well-known regenerative furnace. 

The current of air is forced through the iron pipes 
which constitute the heating surfaces of the ordinary 
hot* blast furnace or stove — as it is very frequently 
termed — or through the air-spaces of the gas or regene- 
rative stove or furnace if this system be adopted, by 
the power of the blowing engine. This is placed in 
the engine-house, the position of which is marked at/, 
in fig. 2, Plate CLXVII., close to the boiler-house in 
which the boilers are placed by which the supply of 
steam required by the blowing engines is produced. 
The air is passed from the blowing engine in engine 
house at /, through a large-diameterert iron .pipe e e, 
termed the “ cold-blast main,” as the air passing 
through it is at the tempei*ature of the ordinary 
atmosphere at the time being ; it is then delivered to 
and passes through the heating surfaces of the furnaces 
situated d d\ and after being highly heated — from 


600 ® up to as high as 1600 ® and above — ^is passed to 
another rnnge of iron pipes, but lined with fiire-briok 
to protect the iron and to maintain the heat as near 
as possible to its initial temperature as produced by 
the stove or furnace. This range of tubes is termed 
the ^‘hot-air main,” sliown at g g, in fig. 2, and 
communicating directly with the. tuyeres of the blast 
furnace at h h. 

On the reduction or smelting of the ore being 
completed, the resulting fluid iron is withdrawn from 
the blast furnace and is run into channels or moulds, 
the main channels being, as we have in a preceding 
chapter seen, termed “ sows,” the tributaries or minor 
channels, which are in fact the “ moulds ” which give 
forms to the masses of metal, we have seen to be called 
pigs ” or pig iron. These moulds are made in sand, 
which forms the floor of wliat is called the pig bed,” 
indicated at j j in fig. 2, Plate CLXVII. This pig 
bed in large establishments has a large area — in some 
instances having a sufficient surface to give a very large 
number of moulds. The slag ” or ghiss-like silicates, 
described in a former chapter, is run into slag boxes 
of dimensions sufficient to contain some two or three 
tons of slag. These are taken away by the slag rails 
indicated at A; X; in fig. 2, Plate CLXVII., communi- 
cating with or forming, as it were, “ sidings ” to the 
main line of working I'ails, 1 1, of our establishment. 
To work the slag boxes small locomotives are used. 

In referring to the diagram in fig. 3, Plato CLXVII., 
the reader will j)erceive that, connected with the 
upper parts of each of the two bhist furnaces. A, A, 
is a pipe or tube marked n n, leading to the 
ground level. These pipes or tubes are called the 
down-comers,” and their office is to carry off* the 
waste gases,” or by far the greatest bulk or volume 
of them, from the upper part of the blast furnace to a 
brick-lined main or culvert placed underground. This 
leads to the boiler-house,/, in fig. 2, Plato CLXVII., on 
the one hand, and to the hot-blast stoves d, d, on the 
other. The ‘‘ waste gases ” are largely composed of car- 
bonic oxide gas, which is inflammable or combustible, a.s 
we have in a preceding chapter explained in connection 
with the action of the blast furnacie. The waste gases 
thus taken to the boiler house / and used for hot-blast 
purposes at the furnaces rf, d, are by certain simple 
arrangements flashed into flame, which, travelling 
along the boiler or hot-blast furnaces, raises the steam 
or the temperature of the air, as the case may be, 
Btiliiation of Waite 0aies of tka Blait Famaoes. 

At one — and that by no means a remote — period 
in the history of the iron manufacture, these waste 
gases were in every way deserving of the name, inas- 
much as no attempt was made to utilise them in 
any way ; although it must have long been obvious 
to iron masters that an enormous current or volume 
heat was poured into the atmosphere through their 
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means^ And although the heat required for the 
regular work of the reduction or smelting was costly 
to ^ degree in its production — the whole of the plant 
being practically required for it — still no one for long 
seemed to think that in the vast volumes of heated 
gases sent into the air at the top of the blast furnace, 
there might lie some source of supply of heat which 
might be useful in the works below ; and in whatever 
proportion so used would tend to reduce the cost of 
producing the supply of heat by which the process of 
reduction or smelting could be carried on. 

Although now largely, practically in the English 
iron making establishments universally used, these 
gases are still, in the technical language of the trade, 
termed waste ” ; and the term is in one sense strictly 
applicable, inasmuch as they are, in relation to the 
process of reduction or smelting, one of the products 
of that process which has no direct value in connection 
with the iron. A better term is now, however, being 
used in T*elation to the so-called waste products of any 
industrial process, this being the bye* products ” ; and 
the great improvement witnessed in all our industrial 
work is perhaps in no way more strikingly exemplified 
than in the fact that uses, and valuable uses, are found 
for many of those bye-products which at one time 
possessed no apparent utility, so that they got, and 
deserved, the name of waste products.” Tlie merit 
of being the first to take steps towards the utilising 
of the waste gases of the blast furnace is keenly dis- 
puted by the iron trades of France and of England. 
Whether or not it be the fact that the first application 
of a proposal to apply those waste gases to a useful 
purpose was made in England, we do not now inquire 
into ; but this fact remains, and we believe is undis- 
puted, that more than one iron master in France used, 
and with marked success and economy, the waste 
gases of his blast furnaces during a period in which 
our iron masters not only refrained from using them, 
but insisted upon the fact that they were not usable 
at all, that nothing could be made of them in a prac- 
tically useful way. It was long after the system of 
using those waste gases of the blast furnaces in the pm- 
duction of heat, chiefly for steam-raising purposes, had 
been introduced with success into France, that our iron 
masters became convinced that in them there really lay 
a store of heat which, if availed of, would effect a large 
economy in the consumption of the coal or coke which 
was required in such enormous bulk at our large iron 
works. Some idea of this econorngr may be obtained 
when we state that in the majority of our establish- 
ments the steam required for the various engines, 
especially for the blowing engines, is raised wholly by 
the employment of the waste gases ; and not only this, 
but they are employed in the production of the hot blast. 
And some idea of the heat sources which for so many 
years had been completely lost to the trade, under the 


old system of blowing them out at the furnace throat 
uselessly into the atmosphere — creating an evil, more- 
over, by contaminating this — may be obtained when we 
state that, after using the w’aste gases for the raising 
of all the steam required in the works, and of the hot 
air required for the blast furnace, there is genei*ally a 
surplus, and in many cases a large surplus, of heat 
from the waste gases left over, for which some use may 
)’^et one day be found. 

An idea of the costly character of the plant of iron 
works will be gathered from the statement that to 
erect two blast furnaces of a cubical capacity each of 
over thirty tliousand feet, some sixty thousand pounds 
will be expended. The expense weekly in the matter 
of men required to work the plant is large, over seventy 
hands being required, of whom one- third of their 
number take the ‘‘night shift,” two-thirds taking the 
“ day shift.” The capability for work possessed by one 
of those large blast furnaces may be gathered from 
the fact that it produces some, and in many cases 
over, 500 tons of pig-iron every week. 

The Supply of Air at Preisure to the Blast Puruaees.— The 
Blowing Engines. 

We have in the preceding paragraphs described in 
a general way the various departments of the “ plant ” 
or working structures and appliances required in iron 
works on a large scale. Wo now proceed to notice in 
gi'eater or leas detail the \'aricus sections of this plant. 
And wo begin tins part of our work with the means 
for producing the blast of air, which is the first 
essential element in the practical working of the blast 
furnace in reducing the ore. To give even the briefest 
reauDve of the historical and practical details of the 
blowing engine, by which the blast is produced, would 
absorb an amount of space far exceeding our limits. 
So wide, indeed, is the subject, so interesting in its 
historical and so important in its practical aspects, 
so numerous have been the forms of blowing engines 
introduced, so extensive is the list of improvements in 
their minor details even, that it would take a large 
volume to do justice to the subject, and a large 
portion of tlie present volume to give even the briefest 
resume and the shortest practical list of illustrations. 
We can, therefore, simply show the reader the general 
nature of a blowing engine as used in blast furnace 
work. 

The modern blowing engine belongs to one of 
two classes into which tliis form of mechanism is 
divided — namely, the indirect or slow-speed, and the 
direct nr high-speed blowing or blast engine. The 
indirect or slow-speed, which is the oldest of the 
modem forms, in general design and appearance 
closely resemblas the old or Watts form of beam 
steam engine (see the series of papers on the Steam 
Engine in this work), and a fair notice of its general 
features will be derived from a glance at fig. 2, 
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Plate CLVI., which is a rough diagrammatic sketch 
of the largest blowing engine of this class which, we 
believe with only one exception, was ever erected — 
namely, that of the celebrated Dowlais Iron Works, 
in Wales. In this diagram a is the blowing cylinder, 
or that in which the blast is produced, and passed 
into the ^‘main*’ or discharge pipe h to the hot- 
blast furnace, a description of which will be given 
in a succeeding paragraph. The piston of the blow- 
ing or blast-producing cylinder receives its motion 
through the agency of the beam h A, parallel motion 
and piston rods. The steam cylinder, in this case 
high-pressure or non-condensing, is supported in 
massive foundation framing, g g. Some idea of the 
gigantic character of this engine, which sends some 
44,000 cubic feet per minute through the blast main 
b, at a pi-essure of nearly 4 lb. per square inch, may 
be derived from the following : — The diameter of the 
steam engine cylinder c c is 35 in., with a stroke 
of 13 ft., working up at a steam pressure of 50 lb. 
to the square inch at boilers to a power of 650 horses. 
The diameter of the blowing or blast cylinder, a, is 
12 ft. (144 in.), with a stroke of 12 ft. ; diameter 
of main in blast pipe 6, 5 ft. The beam h h of this 
large engine is a ponderous mass, made in two parts, 
weighing, mth its joints or gudgeons, no less than 
44 tons. The pedestal carrying the brasses or bushes 
in which the gudgeon of this huge beam work is sup- 
ported by a wall 1 1, 7 ft. thick The betim h h is 
connected with the shaft of the fly-wheel i i, in itself 
a mass of 35 tons, some 12 ft. diameter, by the con- 
necting rod h To insuit^ stability and steadiness 
in working this powerful and ponderous engine, the 
foundation supporting the cylinder is very strong. 
This is formed of a cast-iron framing, g g, weighing 
some 75 tons, which is c*arried and supported by a 
mass of masonry having a solidity of some 10,000 
cubic feet. 

The Blowing Engine for the Blast Furnaces (continm>d). 
The other class of blowing engine — namely, the 
direct-acting high-speed blowing engine — is illustrated 
in the diagram in fig. 3, Plate CLVI. In this the 
cylinder is primarily supported by a vertical framing. 
The “blowing cylinder” is below the steam cylinder, 
‘ a portion of which — the blowing cylinder — is worked 
from a cross head by sliding in parallel guides, and 
which receives its motion from the main criink- 
shaft by side levers or rod. The forms of blowing 
engines of this class are numerous, varying according 
to the notions of the designer; thus, the blowing 
cylinder is in some cases placed above the steam 
cylinder in place of below as in the diagram. But in 
all cases the principle of connection of the acting or 
impelling steam-engine cylinder with the blowing 


cylinder is direct — no beam, as in fig. 2, Plate CLVI., 
intervening between them — is adopted in diagram in 
fig. 3, same plate, being a representative one of this 
principle. A much higher speed of working the blowing 
engine is attainable by this direct-acting mechanism 
than in the case of the indirect principle as illustrated 
in fig. 2. Thus, if we take the average piston speed per 
minute of the indirect form at 250 feet, which may be 
considered as an average speed, we find that direct 
blowing engines, have been worked up to a speed as 
great as that of a railway or locomotive engine, which 
often goes up to 800 feet per minute. A lower speed 
than this — some 500 to 700 feet — may be taken as 
the practice. 

Mechanism of the Blowing Engine.-— Air Cylinder and Valves. 

In both classes or forms of blowing engines, as thus 
illustrated, the principle of the production of the blast 
or current of air by an arrangement of valves in the 
blowing cylinder is the same, and to this we now direct 
the attention of the reader. Let a a a a, fig. 4, 
Plate CLXVII., represent the cylinder, with its piston 
h moved up and down alternately by the rod c, actuated ' 
by one or other of the engine movements illustrated 
in figs. 2 and 3, Plate CLVI, This cylinder is provided 
with an external casing, d d, wdiich acts as tlie cool or 
fresh air supply chamber, air being supposed to have 
access to it from the external atmosphere by the pipe or 
aperture shown at c. Communication is made between 
this chamber d d and the interior of the cylinder a a by 
means of two apertures, one at top at f and the other 
at bottom at y,— that at y* leading to the cylinder at 
the upper side, a a, of piston ; that at g to the under 
side, a' a'. Both of those apertures are provided with 
flap valves, which close and open the orifices according 
to the direction in which the piston is moving. In 
the diagram, fig. 4, Plate CLXVII., the piston h is 
supposed to be moving downwards from the top a a to 
the bottom a' a of the cylinder. The upper valve f is 
therefore open, as shown on a larger saile at A, thus 
admitting the air from the casing d d to the upper 
side a a of the piston 5, while the lower valve g is 
closed, as shown in larger scale at i. By this arrange- 
ment, while one valve is open, giving free access to the 
air, the other is closed, preventing its passage in that 
direction. The curved arrows 1 , 2, at h and i, indicate the 
course of the air in relation to the valves ; the straight 
arrows 3, 4, the direction of motion of the piston 6. 
We thus see how far the supply of air to the cylinder 
in the upper side, a a, of piston h is supplied from 
the air chamber d d through the opening of the 
valve / or A, and how it is prevented from passing to 
the chamber d d again by the closing of the valve g 
or i from this under side, a' a', of piston, and this 
during the downward motion of the piston h. 
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CHAPTER XXIII. 

How to Project Building Plant in Pertpeotive (continued). 
Wk began in last paragraph of preceding chapter to 
describe the putting in of the details, commencing with 
the windows, which must be all drawn on the plan. 
As the windows on the first floor differ from those on 
the ground floor, and the plans of both, if drawn on 
the outline plan, would cause great confusion, the plans 
of the ground -floor windows should be first drawn on 
the plan (in pencil), put into perspective, and then 
removed with indiarubber from the plan; the first- 
floor windows can then be proceeded with, and in 
turn rubbed out to enable the windows over them to 
be inserted. Presuming the plans of all the windows 
on the ground floor visible from the point of sight A 
to have been drawn on the outline plan, connect the 
various points of eacli window plan with tho point of 
sight A by means of a set-square or straight-edge, and 
mark off the intersection on the picture plane ; then 
from the ticks marking those intersections draw the 
vertical lines of the windows on the perspective below, 
between the continuous ground -floor window-sill, which 
has been already drawn, and the string-course over 
the ground-floor window-heads. Then mark off the 
various heights of these windows on tho respective 
height lines, including the top, bottom, and splay of 
the stone window-heads, the lines of tho horizontal 
mullions and the horizontal joints of all the stone 
quoins. From these heights marked on the height 
lines ’’ draw the lines on the perspective converging 
towards tlie respective vanishing points; the windows 
of the front elevation must of coarse be worked to the 
vanishing point v^ and those of the garden elevation 
to the vanishing point v. Three lines of height will 
be required for these ground-floor window^s — namely, 
for the front drawing-room window, n* for the 
dining-room window, and n* for the bay windows of 
the garden elevation. Wlien all the ground-floor 
windows have been inserted in the perspective, the 
window plans on the outline plan must be rubbed out 
and the plans of the first-floor windows inserted in 
their place, to avoid confusion ; the ** ticks ” on the 
picture plane should also be rubbed out. The process 
of drawing the first-floor windows in perspective is 
exactly the same as that just described for those on 
the ground floor. Join each portion of the plan in 
turn with the point of sight a, by aid of the set-square 
or straight-edge, and mark off the intersections on the 
picture plane; then draw vertical lines from these ticks 
to the first-floor window-sill of the perspective below. 
Next mark off on the respective height lines the heights 
of the stone heads, horizontal mullions, and stone 
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quoins, and connect these points with the vanishing 
points V and v^, using v' for the windows of the front 
elevation, and v for those of the garden elevation. 
For the window of bedroom No. 2 the height line H* 
will be required, for tho windows of bedioom No. 3 
and of the linen closet the height line h*, and for the 
windows of the garden elevation a special height line 
formed by prolonging tlie line of the slight projections 
in which they are placed until it intersects the picture 
plane, and then drawing of course the vertical height 
line from the intei-section down to and at right angles 
to the ground line. 

For the small openings in the gables of the front 
elevation, and the two-light window in the upper 
story of the tower, repeat the process described for 
the first-floor window, using the same height lines. 
To put the front door into the perspective, draw th.e 
plan of the door opening, door-frame panelling, sky- 
light, stone quoins, and steps dn the outline plan, join 
the various points of this plan in succession with the 
point of sight a by means of the set-square or straight- 
edge, and tick off the intersections on the picture 
plane ; then from these intersections draw the vertical 
lines of the front door where required on the per- 
spective below. Next mark off all the heights of the 
front door on the height line h® — namely, the apex 
and springing of the various members of the arch, the 
stone transverse quoins and the framing or panelling 
of the door — connect the various points on tho height 
line with tho vanishing point v^, and dmw tho hori- 
zontal lines of the front door. Tho only remaining 
architectural features which have to be put into 
perspective are the chimney shafts : the plans as they 
appear above the roof line must be drawn on tho 
outline plan in their respective positions; a height 
line will of course be required for each chimney shaft 
obtained in accordance with the rule already given — 
namely, by continuing one of the sides until it inter- 
sects the picture plane, and then drawing a line 
through the intersection down to and perpendicular 
to the ground line. The various points of the plans 
of the chimney shafts must bo in succession connected 
with the point of sight A by means of a set -square or 
straight-edge, the points of intersection on the picture 
plane ticked off, and vertical lines drawn from the 
intersections to the roof below. The various heights 
of the chimney shafts must then be marked ofi’ on tho 
respective height lines, and the horizontal lines of tho 
chimney shafts drawn by connecting the points on 
the height lines with the vanishing points. If the 
height line is obtained by prolonging the face of the 
chimney shaft parallel to the front elevation, then 
the vanishing point v must be used ; but if the face 
of the chimney shaft parallel to the garden elevation 
has been prolonged, then the horizontal lines must be 
drawn to the vanishing point v. This is, of course, 
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an application of the rule stated in the preliminary 
portion of this paper. 

The whole process of putting the elevations shown 
on Plate III. into perspective has now been described 
—commencing with the main vertical and horizontal 
lines and terminating with the minor features of the 
building ; if it had been ten times the size, the process 
would have been the same, — more height lines and 
vanishing points would probably have been required, 
but no variation in the principles of the system of 
working. 

The reader will no doubt have noticed that many 
portions of the building shown on Plate III. are 


vanishing point v. The shading or etching of the 
walls must be completed in the same manner: thus 
he fronts of the bay windows facing the garden eleva- 
tion must be shaded or etched with lines converging 
to the vanishing point v, whilst their sides which 
are parallel to the front elevation must be shaded or 
etched with lines converging to the vanishing point 
The same rule applies to the two sides of the tower and 
of the gable end containing the dining-room window. 

Human hgures, horses and carriages, cattle and 
trees are frequently introduced into the perspective 
drawing : they must necessarily be drawn in accord- 
ance with the same rules which regulate the perspective 



concealed when put into perspective. Thus*, the lower 
portion of the comer on the outline plan, Plate IV., 
is concealed by the projecting bay window of the 
library, but the upper portion appears above it; the 
window lighting the recess in the hall adjoining the 
porch is concealed by the tower, and the portion of the 
garden elevation between the bay windows cannot be 
seen from the point of sight a. 

It is usual to complete the perspective drawing by 
more or less shading or etching. The roof is generally 
distinguished from the walls by having the horizontal 
jointing of the slating or tiling indicated on it ; these 
lines must be drawn to one of the vanishing points, — 
thus in the tower roof the side facing the front 
elevation must have its shade lines converging to the 
vanishing point v^ ; for the side facing to the garden 
elevation the lines of shading must converge to the 


of the building; their position must be indicated on the 
plan, a line of heights obtained in the usual manner, 
and the exact height of the proposed figures ascer- 
tained by connecting the heights marked on the height 
line with one of the vanishing points. Shadows may 
be drawn on the geometric elevations, and can be put 
into the perspective drawing by the application of the 
principles of pei*spective. Finally, the drawing may 
be coloured more or less elaborately, with sky, fore- 
ground, and the surroundings of the building. 

We now proceed to the important work of the 
draughtsman connected with one or other of the two 
great classes of constructive work — architectural and 
engineering — ^which concerns itself with what is fre- 
quently if not generally termed setting out*' the 
lines of working drawings in the various departments 
e^uilding and mechanics. 
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Oonitmetimif eoantoted with th# Spiral. in fig. 43 is produced as follows : — Let abed, diagram c, 

The first department to which we direct the atten- be the eye of the spiral. It is divided, as shown in the 

tion of the reader is that of constructions or working larger scale, as at a in the figure. Draw, as in this 

lines connected with and based upon the spiral, diagram a, e d, g f, at right angles, intei'secting in 

These will be found applicable to the work of the the centre a of the eye, and divide the quadrants 

builder as well as to that of the machinist. A in the points b, h, c and k, and join them as in the 

<< spiral” is a line generated by revolving round drawing. From the corresponding points in diagram c, 

a fixed point. Fig. 42 illustrates the geometrical or h, h, c and k, draw lines b I, hr,cq, and k^, at 

common spiral ; in this a is the centre or eye, and right angles to the lines hc,hk, producing those lines 

through the centre a line h c is drawn, which forms as in the diagram o in the figure. Then, from the 

the centre line of all the convolutions. With the point f as centre, with distance / c, describe the ait; 





Pig. 43. 

diameter of the eye a as a radius, from the point d cutting the line h i in n. From the point «, with 
describe the semicircle e f\ from the point a, with a f distance t n, describe the arc n o, cutting the line b I, 
as radius, describe the semicircle f g. From the point From the point g, with distance g o, describe the are 
d, with radius d g, describe the semicircle g h ; and o p, cutting the line k p j ] from the point d, with 
from the point a, with radius a h, the semicircle h c. distance d p, the arc p q, cutting the line c q i. From 
The points a and d are then taken alternately as the point e as centre, with e r as radius, describe the 

the centres of the semicircle, and the radius of each arc r I, and from g, with radius g I, the arc Ij, cutting 

semicircle is always the distance from the point the line k 1. In place of the spiral joining the eye a 

being used as a centre to the point of termination in by an abrupt line, as at n c, it will look better if 

the line 5 o of the semicircle last described. All the it be made gradually to flow into the eye, in the 
semidrcles described from the centre a are above the manner shown in diagram B in the figure : this 
line b o; that from the centre d below it. The spiral may be done by hand. 
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THE OEOMETBICAL DEAXTOHTSMAH. 

flGUBES 
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Tjcohxical Work. 

CHAPTEK XVI. 

Having in preceding chapter exhausted the problems 
or constructions connected with straight or right- 
lined figures, we come now to those liaving curved 
lines as their chief characteristic. Of these the most 
important is the circle. 



The circle is the surface inclosed by the circum- 
ference, which is described from a point, as a, fig. 86, 
called the centre, and which is equidistant from all 
points of the circumference. Tlie surface of a circle is 
equal to the circumference multiplied by the half of 
the radius ; for the circumference may be considered 
as a regular polygon, of an infinite number of sides j 
it is then the perimeter of the circle which, multiplied 
by the half of the radius, will give its surface. We 
may also obtain the surface of the circle by multiply- 
ing the square of the radius by the number 3'1416. 



Fii?. 87. 

We call by tlie name of circular sector, or simply 
sector, any part of the circle ah cd, fig. 87, inclosed 
between two radii, a h, a c, and the arc h c which they 
intercept. A circular sector is simply a sector. The 
measure or area of the sector is equal to the arc, h c, 


compri^d between its sides, a b, a o, multiplied by 
the half of the radius, a 6. Thus, a sector of which 
the angle of the two radii is 110® would have as 
surface the of the surface of the circle of the 
same radius. 

We call by the name ‘‘segment^' a portion of a 
circle comprised between two parallel chords, as a 6, 
c d, fig. 88, or between a chord, e /, and its arc, 3 g /. 

A segment, e gf^ formed by a chord a f and its 
c.rc e g f^ is equal to the sector formed by the two 
radii h e, h /, led to the extremities of the arc, less 
the triangle h ef comprised between them, and the 
chord c / of the segment. The segment a h c d, 
formed by two chords, is equal to the segment ef a by 
subtended by the largest chord, a ft, less the segment 
c i dy subtended by the smallest chord, c d. 

Cnrvilineal Figuiei. 

Of these there are a great number, of which the 
greater part are formed by different arcs of cii’cles 
having different centres and radii. The principal 
carvilineal figures ore : the circle, the ellipse, the 



Fig. 88. 


egg-shape, th.. oval, the spiral, etc. All these, save 
the circle and ellipse, wiB be found described in 
the papers entitled ‘‘ The Building and Machine 
Draughtsman.” 

We now return to the circle, to give a practical 
means of drawing it without the aid of the compass. 
Construct a square, abed, fig. 6, Plate CCXV., 
having for a side the diameter of the circle which we 
wish to draw. 

We divide each side of this square into two equal 
parts; each of these parts is then divided into a 
number of subdivisions, larger in proportion as we 
wish to obtain a figure nearer the true shape of a 
circle. In the figure the subdivisions are in number 
six, and are numbered beginning in the middle of 
each side of the square, so that those on the opposite 
sides are numbered in the same order, the number 1 
being in the middle of the one side and the number 
6 in that of the other. In joining by straight lines the 
c^responding numbers in the adjacent half-sides of 
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the square, we obtain a regular polygon, which will 
be nearer the true curve of a circle in proportion to 
the number of parts into which the sides of the square 
are divided. The more numerous the intersections, 
the greater the number of points obtained through 
which the curved line is to be drnwn. 

We see, then, by the inspection of this diagram, 
that we can substitute for the curve of a circle a 
regular polygon of a great number of sides, since the 
diagram, presenting a sufficiently regular circle, is 
formed by a polygon of only twenty-four sides. This 
method of finding points in curved lines by intersecting 
points of stmight lines drawn in different directions 
is applicable to a great variety of constructions of 
curvilineal figures, and will be found amply illus- 
trated in this paper, and in the series of papers 
entitled The Building and Machine Draughtsman.'* 

We now give a number of constructions in connec- 
tion with the circle, the first of which is a method 
of dividing the arc of a circle, a M n, fig. 89. Let m 



Fig. 89, 


be the middle required of this arc : the point m is 
equidistant from the points A and b, because equal 
aixjs, A M and m b, are measured by equal cliords. 
The point thus is found on the perpendicular raised 
in the middle of the straight line a b, and this is 
done as already shown. We have only to remark 
that, the extremitias a and b sufficing, there is no 
need to draw a straight line between them, — this 
is assumed. 

To describe a circle which will pass through three 
given points. — By having three given points not in 
a straight line we can always describe a circle ; and 
the problem gives the means of solving this other 
— namely, an arc of circle being given, to find the 
centre of its circle. It is sufficient, in fact, to take 
three points at will on the arc of circle given, and 
to make the construction which would serve to find 
the centre of a circle which we wisli to make pass 
through these three points. To find the centre of 
a circle passing through the points a, &, c, fig. 90. 
Bisect the lines joining these points — namely, ah,hc 

in the points m, m', and through these draw lines 
perpendicular to them, m o\ m' o ; the point o of their 
intersection will be the centre of the circle. The lines 
joining the three points a, b and c, form a triangle 


ah c) it results thus from the construction that per- 
pendiculars raised from the central points, as m o, 
m' o, m" Oy or points of bisection, m, and of 
the three sides a by 6 o, a c, if prolonged sufficiently, 
will intersect in the point common to all the three 
sides. 

To describe on a given straight line a s-egment 
inclosing or containing a given angle. — One can 
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imagine a solution of this problem by means of 
the combination of several problems already solved, 
but the construction here given presents a simplicity 
which makes it preferable to any other. Let A B, 
fig. 91, be the straight line on which w’o wish 
to describe a segment, A m b, containing a given 
angle. Amongst all the angles having their summit 
on the arc a m b, and consequently having as 
ineasuremont the half of the arc a m B, we select 
the one which is formed by the line a b and the 
tangent to the point b. If the arc a N b >vas the 
arc wanted, the angle A B c would be equal to the 
angle given. We know besides that the centre 
of any circle obliged to pass through two points 
a and b is on the perpendicnilar raised on the middle 
of the lino a h. Thence is deduced the following 
construction. At one of the extremities (b, for 
example) of the straight line given, dniw a straight 
line, B c, w hich makes with it an angle equal to the 
angle given, liaise a perj)endicular on the middle, 
my of the line a b; and also at the point B a per- 
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pendicular to the line b c ; these two perpendiculars 
intersect at a point o, which is the centre of a circle 
of which the segment A m b solves the question. It 
wrill be perceived that we might repe^it the same 
construction below the lino a b, but that the result 
would bo an arc of circle equal to the arc A M n. 
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To find a tangent to a given circle. 

First, let m, fig. 92, be a point placed on the 
circumference of the circle. Since tlie tangent is 
perpendicular to the radius of the point of contact, 
we have only to draw the mdius o m to the point m* 
A perpendicular to this line m o, as ^ m is therefore 
the tangent required. 





Fig. 92. 

In the second case let m, fig. 93, be a point outside 
the circumference o ; let there be a line, m t, passing 
thi ough this point and tangential to this circumference 
and let x be the point of contact. If we joined o x, 
this line would be perpendicular upon m t. We know 
then that if we join the point of contact wanted, x, 
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to the points o and m, which are given, the point x 
should be on a semicircle described on the line o m 
as diameter; and as it is essentially a part of the 
circle o, it should be found at the meeting of the 
two circles, and the tangent m t will then be deter- 
mined. Symmetrically there will be two tangents: 
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the one below the line o m, as t' x' m', the other 
above, as t x m. 

In the third case, where the tangent is to be parallel 
to a given line, when the construction is completed, 


T X, fig. 94, will be the tangent parallel to a B. The 
radius of the circle passing through the point of 
contact X is perpendicular to the longest line t X ; 
and by consequence to the given line a b, to which 
the tangent is parallel. If we drop a perpendicular 
o p upon the right line A b given, it will cut the 
circumference of the circle in the points x and x', 
if prolonged or extended so as to pass through the 
centre o. At these points draw the tangents, as x T> 
x' T, and they will be parallel to the line a b. 

A point being given, as in fig. 95, either within or 
without a given cii*cle, to draw through this point a 
straight line upon which this circle cuts off a given 
length, — first, when the point M is in the inside; 
second, when it is on the outside ; but we shall only 
describe these two cases in one explanation, as it is 
identical for both of them. Let a b be the length 
which the part cut off should have. All the equal chords 
which we can inscribe in a circle are equidistant from 
its centre; they are then all tangents to a circle 
concentric to the first, and having as radius the 
distance of any one of these chords. Hence this 
construction : inscribe in the circle given a chord 
equal to a B ; drop o p perpendicular to this chord ; 



with the radius o p describe a circle, to winch we 
shall merely have to draw one or two tangents 
according to circumstances. 

Curvilineal Fig^rei.— The Ellipie. 

Having in preceding chapters given various con- 
structions connected with lines, and of figures from the 
triangle up to the circle, we now come to those connected 
with what are sometimes called the curvilineal figures, 
otherwise and more frequently by the simple term 
curves. These are the “ ellipse,” the parabola,” and 
the “hyperbola”; and of these the first only — the 
ellipse—is strictly entitled to the term curvilineal 
figure, inasmuch as, like the circle and the straight- 
iined figures as the triangles and polygons, it inscribes 
or bounds or incloses a space or surface. The other 
term, “curve,” is more strictly applicable to those 
curved lines or curves of which we have named two, 
the “parabola” and “hyperbola”; to which are now 
to be added the “ cycloid,” the “ epicycloid,” and the 
“involute.” 
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THE WOBXXAH AS A TEOHVICAL STITDEHT. 

How TO Study, and What to Study. 

CHAPTEK XI. 

Ik contmuation of whafc was given in the last 
paragraph of preceding chapter we have to remark 
that it is not so much that the student possesses 
much, or would desire to know more, as that he 
determines of what he has to make the most. Now, 
in this work of self-improvement, self-help is one 
of the most impox*tant factors. And this self-help 
consists, as the very term indeed shows, in the way in 
which he applies himself to it. If ho be not self- 
determined to do his very best to secure success, 
that success will never at its best be obtained by him. 
In reality, all the lielp, which the ablest teachers and 
the most valuable books can give him, will not be given 
him to any practical purpose, unless he aids their 
influence by his own individual efibrts. All the 
help he can possibly get from ^vithout will be of no 
avail to him in his practical work of study, unless he 
works steadily from within. It is but the expression 
of a very commonplace truth to say that the work of 
a man can only be done by the man. Commonplace 
though it be, it is, however, but too commonly over- 
looked, or, if known, neglected ; wdth no end of un- 
fortunate results, as wasted lives and useless spasmodic 
efforts of many but too abundantly testify. 

8«lf-Help and Self-Advanoemont in Life of the Technical 
Workman ai a Student, secured by a Combination of 
Intellectual Effort and Attention to certain Individual 
or Personal Peculiarities or Idiosyncrasies. 

And here also the reader will perceive the other 
point to which our remarks lead up — namely, that 
this self-help and self -advancement in life can only be 
secured by the combination of intellectual effort with 
what are called moral attributes. On this point, 
indeed, we have already said something ; it will be 
necessary for the purpose we have in view to say more. 
And in this we trust that we shall be able to realise 
the hope we held out, that we might be able to show 
how closely it concerns the student and his success in 
life, that in his studies as in his work the peculiarities 
of human nature, as we find it practically existing 
amongst us with ourselves and those we come in contact 
with, must be taken into account and made subservient 
to our practical purpose. We have indeed broadly 
stated that the neglect of this factor in the problem 
to be solved had done more than aught else to retard 
the true and the rapid progress alike in personal life 
and in technical study which the truth would secure. 
This position we hope to prove by what we have 
yet to say on this vitally important subject of the 
workman as a technical student. 

We have said that different individuals have different 
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and differing gifts. This is so self-evident, some 
reader may remark, that it serves but little purpose to 
tell us what every one knows. But while every one 
may agree as to a fact, it by no means follows that all 
are agreed os to how that fact is to be dealt with or 
utilised. So here, while the truth of the fact we have 
stated is self-evident, yet it appears that, although 
believed in, it is not acted upon. For how comes it 
that, if gifts differ in different individiuils, no account 
is taken of the fact in the practical education of the 
individuals, but all are treated on the same uniform 
plan, whether that plan be good or bad, a single 
Procrustean rule being applied to all ? Procrustes, we 
should inform the reader (for we do not approve of 
using terms or names which may not be understood), 
was a tyrant of ancient classical times, who had a bed 
for his visitors. If the length of this suited that of 
the intended occupant, well and good, the tyrant was 
content ; if he was too tall or long, his feet or ankles 
were cut off' to shorten and fit him to the bed ; if too 
6(piat and short, the visitor was stretched out on the 
luek, with the same ultimate end in view. It is to be 
hoped that Procrustes had but few on his visiting list. 

Practical Injury done to the Cauie of Technical Education 
by enforcing One System upon all Students alike, over- 
looking certain Important Facts in their Lives. 

Now, this custom, which, unfortunately, is the rule 
in our educational systems, of forcing all the pupils to 
pass through, and conform to, a certain rule, a single 
or uniform system, must, like the bed of Procrustes, 
torture some ; it cannot possibly work easily with all. 
No doubt, it may be said tliat in teaching it is not 
possible, from the mere number of the pupils, to hav’^e 
a system for each, so that it will suit his peculiarities. 
Procrustes w^ould, questionless, argue that his system, 
amongst others of its advantages from his iK)int of 
view, was, at all events, an economical one, as one bed 
would be made to do for many, and it evidently did 
not suit him to remember that for one class of his 
visitors no preliminary operation of fitting was neces- 
sary, as what would hold a tall would clearly contain 
a short man. So it certainly is cheaper, or, at all 
events easier, to have one system of teaching, allowing 
it to suit as best it can pupils of varying character, 
than to have each pupil taught in such a way that 
his progi-ess will be insured and the best education 
given him in the quickest way. It may be that the 
very number of the pupils to be dealt with in ordinary 
schools compels a uniform system of this nature. But 
more could be done if more were desired in the com- 
mon-sense way of nature. One was asked if he could 
play the violin, to which he replied that he thought ho 
could, but that ho had never tried. Teachers may think 
that their usual system cannot be altered or modified to 
meet the actual condition of pupils. Have they ever 
tried 1 Do they generally try 1 That some do try is 
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a doubt, and thej are the sucoassful teachers; 
but then, with them teaching is a science, not a mere 
trade or piece of handiwork, which no matter how 
it is done, if done some way, r^fardless of what the 
real results are, is considered finally done. 

For let the fact be here remembered, which un- 
fortunately is too frequently forgotten, that education 
is not like the mere taking of a predetermined amount 
of objects and endeavouring to cram them somehow 
into vessels of varying size ; when the small vessels have 
too much allotted them for their capacity, while the 
large ones have too little, and some are altogether 
neglected, and have to be content to be taken empty 
away. Education is not like this. It is a process of 
assimilation of a cei*tain pabulum, so to say, calculated 
to strengthen ; and if any one organ of the assimi- 
lating body be weak, the first object to be secured is to 
strengthen that organ, if possible. Food may be of ilio 
richest qualityand most nutritious, yet if the power of 
digestion be weak or altogether disorganised, or if the 
individual have tetanus or lock-jaw, so that he can 
neither masticate nor swallow, what then ? One may 
starve in the midst of plenty. And how many go forth 
from scholastic systems of the most complete character, 
where no end of knowledge is offered, almost wholly 
uneducated ! The diet, so to say, did not suit their 
system, and no effort was made to strengthen their 
system so that it could. This system is like that of 
some mediciil men who are not true physiologists, 
who, for example, in treating cases of wetik eyesight 
in young people, give them spectacles — whicli them- 
selves are an evil — simply to get out of the difficulty 
in the easiest way. The true doctor would like to 
strengthen the eyesight, and tries to do that. But it 
is so much easier, requires only the minimum of 
thought, to use a palliative than to devise a cure. 

The Great Advantage of the Individual or Self-Help ” 
System of Technical Study. 

These and like considerations have the closest 
possible beai'ing upon the progress of the technical 
student. So far as that progress is dependent upon 
teachers, he must take their systems as he finds them, 
for there is beyond a doubt a difficulty in even the 
l>est of teachers changing or even modifying their 
system to suit various capacities and capabilities. 
He will presently see, however, that he may do 
much himself to help the system to assimilate it to 
his known capacities. But in the case of a student 
who is mainly dependent upon a system of self-help 
or self-education, it is obvious that, as here he has no 
one to control him, he has no excuse for not exercising 
his reason in deciding on the details of the system 
best fitted for his ovm capacities and capability. We 
do not here mean— and this we wish the student 
distinctly to understand, for the point is of vital 
Impoiiance — that this system is that which only 
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refers to, or includes, the subjects in the departments 
of knowledge which he wishes to acquire ; the system 
no less includes, as an essential part of it, that discipline 
of his mental habits by which this acquirement is 
greatly aided. We might almost say mainly aided. 
For, just as the capacity or cubical bulk of a 
vessel dictates or regulates the number or quantity of 
objects or material which it can receive, so in like 
manner, at the outset or start in his self-education, 
the technical workman as a student may find that 
his capability to study, or his capacity for the recep- 
tion of the facts and truths of knowledge, may be 
very limited. And just os we can conceive of a vessel 
being so constructed that while in its usual or normal 
condition it can only contain a certain bulk of matter, 
it is also capable of expansion, so that when occasion 
demands it shall hold more ; — so the student will 
find that his mental capacities or capabilities of 
reception and assimilation of the truths of knowledge 
can by cultivation be made to expand and receive and 
retain greater powers than before existed. 

And so comes it that what wo have insisted upon 
as an essential part of education, required in all 
systems in face of it, but absolutely needed in that of 
self-help and self-education, must be carried out, if true 
j)rogi’ess be desired, and this is close attention to the 
facts and circumstances of individual eidstence — the 
idiosyncrasy, so to say, of the student. It is idle to 
say that, as this involves the consideration of habits 
which, according to popular definition, come under 
the head of moral training, it has, therefore, nothing 
to do with that of the intellect. Idle ! for this moral 
training may go to get rid of a habit which, where it 
exists, if it be not directly antagonistic to all progress, 
may yet very greatly retard it ; and surely it is worth 
wliile to try to get rid of it. For, if progi ess be not de- 
sired in any walk, why begin to go in it ? Better to save 
oneself the trouble of the first effort, if the second is 
not to be taken. As we have said, so we say it again, 
and it will bear repetition, we must take facts as tliey 
lie before us, human nature as it is. And as human 
nature in any special case — that is, the individual — is a 
compound made up of strange and often startlingly 
diverse faculties and habits, use of which will and 
does exercise an influence upon everything which 
the individual does, surely it is but practical common - 
sense wisdom — so called, we presume, because in a 
good many walks and works of life it is not common 
at all — so to deal with and treat those that they shall 
be subservient, and not antagonistic, to the work we 
have to do in life. We are by no means alone in the 
belief that education generally would bo much more 
valuable as a real help to this work, if more attention 
were paid in scholastic systems or treatment to thetr 
du^ nature. We may partition off, so to say, these 
frtrolties 08 intellectual, tho :e habits as moral, as if they 
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have no connection with each other, and could and do 
act quite independently of each other, never crossing or 
intermixing with each other ; but despite all our care, 
or rather perhaps from having no care at all in the 
matter, they will get intermixed and interwoven, 
whether we will or no. The web, so to say, of 
humanity is made up of two threads of yam, that of 
warp and that of woof — the intellectual and moral 
qualities of man ; and this fact must and does influence 
work of every kind done by us, and can no more be 
left out of consideration than can the part of Hamlet 
be cut out from the play of that name, if it is to be 
a play at all. The various points involved in this 
dual condition of man as it affects the education of 
the technical student, will come up for reference 
and consideration, as we treat the subject in a closely 
practical way, and in attempting this we would first 
di*aw attention to an important point in the system. 

** Order ” in Study, or the Sequence with which the Facts and 
Truths of Technical Knowledge are taken up by the 
Student, a Point of Vital Importance. 

This is the order or sequence in which the facts and 
truths of knowledge, open to the student, are taken 
r.p or availed of by him. Much time is lost and 
effort weakened through having an irregular system, 
— which practically is tantamount to having no system 
at all, for system is essentially regular. The habit of 
taking things in sequence, or what may be called the 
natural order, is one which should be cultivated, 
forming, as it does, one of the points of discipline 
througli which the student should be put, or better 
still if he put himself. The acquirement of the 
truths and facts of teclinical knowledge may begin 
with the teacher, his teachings being followed by 
those of books and by the observation of the student. 
But here it should be carefully noticed by teacher 
and student, each giving the most earnest lieed to it, 
that if the proper kind of ediocalion be not followed, 
no real progress will be made. That is, it must be 
the continual and persist emt application of the mental 
discipline, the educing or Leading out of the powers 
of the mind ; this we have already dwelt upon and 
enforced, only at this stage reminding the teacher 
and student alike of its vast importance. It may be 
safely asserted that the great advantages of observa- 
tion, for example, to w'hich we have referred, will be 
hopeless of attainment if the mental discipline, or the 
education of the mentjil power, has not been strictly 
and carefully followed up. Goethe has made the 
profoundly pregnant observation, that the eye sees 
only what it has the power to see; there is thus 
such a thing as the education of the eye, in order 
that it may be able to look at and positively see 
things. For, as the thoughtful reader will perceive, 
things are often looked at, in the popular accepta- 
tion of the word, which yet, in the true sense, are 


not seen at all ; inasmuch as the mind takes no 
cognisance of them, and the memory has no record 
of them in its marvellous pages. It is the same 
thing in the discipline or work of observation of 
things lying around us, all of them full of practical 
worth, but only in so far as they can be truly observed. 
The mind must take a firm grasp of them before 
their f»ill force and significance is realised. 

Great Value of the Habit of Observation to the Technical 
Student.— Practical Points connected with it. 

This point now named must be taken special note 
of by the student, for it involves, or rather is, the 
most import/int consideration in, and makes clear 
the error of the popular notion that seeing and 
observation are precisely the same thing. There 
can be no greater mistake than this ; and holding 
this notion, and, what is worse, acting upon it, gives 
rise to great evils. Although a man sees a thing, 
it by no means follows that he comprehends or under- 
stands what he is looking at. it w'ould be more 
correct to use the tci’m looks ” than that of sees.’* 
For a man may look at a thing — indeed, cannot help, 
to use the above and the common phrase, seeing it — 
yet the mind takes in no intelligent comprehension 
of what the eye has seen, must have seen, could not, 
in fact, avoid seeing. Seeing, truly explained, is 
understanding what is seen. Observation, therefore, 
which is but another word for the same thing — 
seeing— is a 4'ial pi'ocess : a pliysical one, in the first 
instance, that is, looking at the thing ; and second, a 
mental one, taking in and comprehending wdiat the 
object looked at really is. Goethe remarked, as wo 
have already quoted, that the eye only sees that which 
it has the power to see. Hence it is tliat the 
differeiico arises between men as to their ability to 
tJike note of the circumstances by which they are 
surrounded. Tljis point may be illustrated by the 
curious story of two African travellers, w'ho w^ere 
companions during a long journey of exploration in 
that country, passed through the same districts, and 
had, of course, presented to tlicm the same general 
objects. Yet, when the two retairned to head-quarters, 
they had two very different stories to tell as the result 
of their travels. One of the tmvellers miglit, like 
the ** needy knife grinder in the clever versos of 
Canning the statesman, have replied in the same 
words, when asked to tell his story, Story, sir 1 
why, sir, I have none to tell.’* It was in truth so. 
While his fellow-traveller had a perfect budget of 
facts connected with the districts through which both 
had passed, he had nothing scarcely to narrate. 
To his mind the journey had been simply a long 
series of alternate walkings, eatings, and sleepings — 
“ only this 1 and nothing more.** Everything to him 
had been negative; the other had found something 
positive. Amongst other facts of the observant 
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traveller he named one, that they had passed through 
a district in which elephants abounded, more especially 
in one part of it, which was thick with elephants* 
tusks, — a mine, so to stiy, of ivory. As little had 
his companion ^‘seen,** to use the common expression, 
either the elephants or the tusks which some of them 
and their predecessors left on the gi^ound, — so certain 
was he that he had not seen the one or the other, that 
those at ^headquarters began, and reasonably, to doubt 
the accuracy of statement of his companion. This 
accuracy was, however, ultimately proved by after 
exploration, and the information he had given as to 
the locality of certain places, etc., etc., was shown 
by others who followed him to be absolutely coirect. 
Thus, in the case of those two travellers, both had 
seen the same objects ; he who had no story to tell 
must have seen what beyond a doubt his com- 
panion saw. The whole difference between the two 
was, that while both looked upon the same things, 
the one not only looked, but saw what his eyes, as 
Goethe says, had the power to see in the usual sense 
of the term — the only sense, indeed, in wdiich seeing 
can be valuable : that is, his mind took an intelligent 
impression of the fact tliat he had seen, so that once 
seeing in this comprehensive, intelligent reading- way 
only the exertion of his memory was afterwards 
required so that he could remember what he had 
seen. On the other hand, his companion had merely 
looked at or seen what he could not well avoid doing, 
he not being blind, but which had only been reflected 
on the retina of his eye, and had not sunk deeper 
to penetrate his mind or brain. 

True, like one who looks in a glass and going 
away straightway forgetteth what manner of 
man he was,*’ this traveller may have seen and yet 
forgotten that he had seen, and what. So that it 
may be said that after all it was only a matter of 
memory, and a question between the two as to which 
had the bettor one. Now, although we shall have 
something to say presently as to what part memory 
plays in the technical education of the working man, 
and how important that part is, it is to be re- 
collected that before one can remember he must 
know ; which seems to be about as absurd as to say 
that before you can have a thing you must possess it. 
But, absurd as the statement may appear to be, it 
conveys, like many other paradoxically absurd 
statements, a sober and an important truth, one 
veiy often and easily overlooked or forgotten — ^not 
always, indeed, understood. Observations, therefore, 
to be of any value, must be intelligent ; the facts or 
the story told by them must be read; properly 
speaking, without intelligence there can be no ob- 
servation. If tlie reader, not quite intimate with the 
inner or leading meaning of words, not merely of 


those purely technical but of those used in ordinary 
writing and conversation, wishes to know what we 
precisely mean by the above sentence, when saying 
that facts must be “read** before they can be of 
value, he should under the woixi “ intelligent '* consult 
the “CyclopcBdic Dictionary of Technical and Trade 
Terms ** in this work, giving the derivations of words. 

The Habit of Sonad Observation oan be greatly OalUvated, 
like any other Gift. 

Some are gifted with remarkable powers of obser 
vation, taking the term in the above, the only true, 
conception of it ; some have it only moderately ; 
while others seem to l^e totally deficient of it. That 
it can be cultivated is beyond a doubt. Some do not 
believe this, or, at all events, act as if they believed it 
not. As the muscles of the brawny arm of the black* 
smith, which look like knitted and knotted wire, were 
not formed at first, but got stronger and stronger 
the more he wielded his hammer, so the power of the 
eye to see can be and is strengthened by its judicious 
use. And this judicious, common-sense use is ex- 
emplified by the experience and practice of the black- 
smith. He did not at first, in his apprentice days, 
take up the heaviest hammer, and try to give with it 
the hardest stroke upon the iron bar resting before 
him on the anvil which men could give. He began 
by degrees, and each week’s work found hLs arm the 
stronger and his eye the quicker, till at last, like old 
Thor, he showers down upon the hissing hot iron 
blow after blow, and this with a hammer which he 
could scarcely have lifted, far less wielded, in his 
youthful days. So by slow and sometimes painful 
effort we can cultivate the power of observation. 
Some student may say, How can I cultivate what I 
have not got ? To which we reply. How do you know 
you have not got a gift or do not possess a certain 
thing] A man often has in his house a certain object 
of the existence of which he is absolutely ignorant, — 
so much so that if asked if he had it, he would at once 
say he had it not ; and quite truly. And he would, 
under ordinary circumstances, only become cognisant 
of the fact that ho did possess it when some occasion 
showed that he required it, and the necessity to 
have the object might, before he went elsewhere, 
urge him to look over his own stores. The first step in 
getting or finding a thing is to be impressed with the 
wish to have it. Before any student, therefore, decides 
that he has no power of observation, let him try 
to find out whether he has or no ; and this can only 
be done by exercising it. The very first exercise of 
it, we venture to say, will result in his being able to 
exercise it a little easier the second time ; and each 
successive eflfort will bring increased strength to make 
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THE OBAZIEB AND CATTLE BBEEDEE AND 
FEEDER 

The Technical Points connected with the Vabietibs or 
Breeds of Cattle— Their Breeding, Rearing, Feed- 
ing, AND General Management for the Production 
OF Butchers’ Meat and op Dairy Produce. 


CHARTER XXII. 

The Faeturing Syetem in Belation to Certain Habits of the 
Stock Fed under it. 

But there is another and a most important point yet 
to be considered in relation to the system of pasturing. 
And it involves a very important point in practical 
feeding — namely, that the quickest return for the food 
consumed is obtained when the animal being fed or 
fattened is allowed to remain quiet. All animal or 
physical exertion or fatigue is virtually expenditure 
of food. And all food which goes to meet the demands 
of physical exertion is just so much lost to the process 
of adding to the flesh or fat of the feeding animal. 
Food is their vital force, and if, as in the case of the 
horse, we desire to have that force expended in carrying 
or dnigging work wo feed the animal with this end 
in view, — so much only of the food being allowed 
to go to the keeping up of the physical condition 
of the animal. We do not feed a horse to fatten 
him, but to get muscular force out of him. The case 
is different with fatting cattle and with dairy 
cows. In the case of the cattle we wish to get as 
much as possible of the food we give them returned in 
the shape of juicy joints of flesh and fat ; in the case 
of the cows as much as possible — without otherwise 
injuring the condition of the animals — in the shape 
of milk rich in butter and casein c. Now, the produc- 
tion of these articles is greatly aided by keeping the 
animals in a state of rest and freedom fixim all worry 
and excitement. This rest or repose, so conducive to 
the formation of fat and the production of milk, can 
be obtained to any due extent by the system of soiling 
or house feeding — it cannot by that of pasturing. In 
the system of out-field pasturing the animals keep 
roaming about nearly the whole of the time they are 
out, with the exception only of the time they are lying 
down to chew the cud or ruminate. This roaming 
about the field is not only for the purpose of finding 
out the best grasses, but to avoid the patches of grass 
to which we have already alluded, and those also which 
have been recently fed upon or off by other animals, 
or even by themselves individually. For grass recently 
breathed upon or salivated is rejected by them for that 
which has only the fresh air and the dews of heaven 
resting upon it. This perpetual roaming about 
requires so much exertion to be made, and this so 
much food to be consumed, which otherwise would 
have gone to the products particularly desired by the 
feeder. And the evils of this state of continued 


restlessness are, of course, greatly aggravated in hot 
weather, when the attacks of the files are so persistent 
and painful, that to escape them the tortured animals 
are kept in a state of perpetual excitement ; and but 
too frequently they are goaded — or gadded (an appro- 
priate technical term in connecting the gad-fly as a 
special cause of this animal torture) — to fly or gallop 
to and fro over the field in a too vain attempt to get 
rid of their tormentors. 

All this is most detrimental to the process of fatting 
cattle, or of milk production. And another cause of 
loss in pasturing arises from the lack of uniformity in 
the temperature to which the animals are subjected. 
All food which goes to keep up tlie heat of the body 
only is so much lost in the way of fatting or in milk 
producing. If we can keep tlie bodies of the animals 
in a temperature suificiently high to make them, so to 
say, comfortable, none of the food they have partaken 
of is required to go specially to the production of the 
heiit necessary to keep up the temperature of the body 
to the point required. This can be done with compara- 
tive ease in the system of house feeding or soiling, 
where shelter from cold winds and biting fi*osty air can 
easily be secured. It Ciiimot be done in the system of 
pasturing, where the temperature, however cold, cannot 
be raised, and where, as an almost universal rule, 
little shelter from cold winds and none whatever from 
drenching rain can bo obtained. 

The Soiling or House System of Feeding Stock. 

It is for rcjixsons sucli as those we have now named 
tliat advanced agricultural opinion is wholly in favour 
of an extension of the soiling or house-feeding system 
Even the most ardent advocates of the pasturing or 
out-field system admit that it has grave defects ; and 
these the most enlightened advocates of it try to get 
rid of, or at least lessen, by various practices. Some of 
those we have alluded to, such as tethering the cattle 
or cows to one particular part of the field — so that 
.after feeding ofl’ the rich grasses they lie down and 
allow the food they have consumed to go to its legiti- 
mate uses. The field, in such a system (which, 
however, has been very sparingly introduced into 
practice), is of course so divided into lots or parcels 
that any one lot fed oft' is not returned to by tlie 
animal ; and if the field is of small extent, another is 
taken, until the first-fed-oft’ lots have recovered their 
glasses in large measure. Others who adhere to the 
pasturing system, fully aware of its defects, endeavour 
to get rid of some of the worst of them by providing 
shelter sheds into which the animals can go. 

But there is yet another point which closely affects 
the question as between the pasturing and soiling or 
house-feeding systems ; and that is, that of the value 
of grass as a food compared with other feeding sub- 
stances. Valuable as grass is, as forming one of the 
varieties of food upon which cattle and dairy cows are 
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fed, and as taking part in those changes in feeding 
found to be so beneficial to them, it is not per se so 
nutritious tts other foods which can be cultivated by 
the farmer. However clearly this is shown by chemi- 
cal analysis, it may be however questioned whether 
there is not a ** something ” which chemical analysis 
fails to detect in grass, which gives it, if it gives 
nothing else, that flavour which seems to make it the 
most grateful f(X)d to the ruminating animals of the 
farm. That the least ecionomical method of feeding 
farm stock upon grass is that of pasturing them upon 
it, we have no hesitation in stating ; and if our readera 
will remember what we have said as to the system, 
they will probably agree with this opinion. By 
adopting the soiling or house-feeding system, cutting 
the gnxss over different parts of the field, or from 
fields bearing special crops of what are called artificial 
grasses, such as Italian rye grass and other succulent 
crops, taking them in rotation, and cariying it to be 
eaten by the stock in the house, the largest amount of 
economical feeding will be obtained. 

Details of the Soiling or House-feeding System. 

The grass land in this system however, it is scarcely 
necessary to say, should be kept in the highest con- 
dition of cultivation. It is but too frequently the 
case that in many districts this is so far from being 
the rule, that an authority has declared it to be his 
opinion that, taking the average of the graas lands 
throughout the kingdom, they yield but little more 
than half of what they would or could do if they 
were attended to as carefully as other parts of the 
farm. "Whether this bo a true estimate or not, certain 
it is that grass lands could be made to yield much 
more than many now do by superior cultivation, 
and the sy.stem of house-feeding would, as we have 
seen, lend itself admirably to and greatly aid this 
superior cultivation. The crops of grass obtained 
from fields from which cattle were excluded would be 
larger than those got from them under the ordinary 
system, where they are admitted to them. One groat 
benefit would certainly be obtained by more careful 
cultivation of grass lands, — and that is, that the weeds 
would bo got rid of. Few comparatively are aware 
of the extent to which weeds are grown from year to 
year as part of our pasture grasses, to which they 
give no value, but, on the contrary, tend greatly to 
deteriorate it. To such an extent are they permitted 
to form part of pastures, and so firm a hold are they 
allowed to take of the land, that they may be said to 
dominate in many fields, forming actually the largest 
part of the produce. Now, weeds cannot stand against, 
so to say, high or good cultivation. The administra- 
tion of farmyard manures, with judicious applications 
of certain artificial ones, such as the nitrogenous 
manure known as nitrate of soda, will, along with 
other careful management, soon cause weeds and 


noxious and poor grasses — which, in fact, ought to be 
classed as v^e class them, as weeds — to disappear, and 
their place to be taken by grasses of a superior kind. 
The seeds of these may be judiciously sown down. 
But it is a curious fact, well known to many practical 
farmers — who, however, do not always make the 
knowledge practically valuable to them — that under 
superior cultivation the weeds which it compels, so 
to say, to disappear, are replaced by superior grasses, 
which have been present in the soil, but which have 
remained dormant while the weeds or noxious grasses 
have had possession of the ground. For it is a curious 
circumstance that while weeds, if left alone, not only 
continue to grow, but to develop themselves towards 
perfect growth, becoming better and stronger every 
season, good grasses, if left to themselves, deteriorate 
gradually, die out, and are succeeded by weeds, which 
have the greater inherent dominating power. This, 
beyond all doubt, although deemed to be different 
by many who gi-umble at it, Ls a wise and benefi- 
cently ordained law. It clearly offers the best 
incentive to well directed labour ; and it promises, with 
few chances of those promises being unfulfilled, a 
valuable return for such labour as may be given. The 
point is beyond dispute that our grass lands are 
capable of great impi'ovement, and that if careful 
cultivation were given, as a rule, to those throughout 
the kingdom, we should add by it very largely to our 
feeding resources, and so directly lead to an increased 
number of cattle being fed, thus again adding greatly 
to the food resources of the people. 

BaoceBsion of Crop Caltivation for Stock Breeding. 

But while this is true, and while the lesson it con- 
veys should not be lost sight of, the fact remains that 
the feeding resources of our farmers would be increased 
in the most direct and most profital>lo way, not by 
extending, as has been so widely advocated of late, 
the acreage of our grass lands, but on the contrary by 
increasing that of our arable lands — that is, by adding 
to the variety and number of our feeding crops, 
making these subservient to a well devised, carefully 
thought-out and judiciously applied system of house- 
feeding or soiling. We have seen that while our food 
crops are exceedingly limited in number, feeders in 
other countries have at their command a much greater 
number. And of those it may bo said that they are all 
capable of being profitably cultivated in this country. 
But even taking such food crops as wo already possess, 
and which are cultivated with such success by so 
many of our advanced farmers, wo have enough to in- 
duce us to carry out a more profitable system of cattle 
and dairy-cow feeding than that which is the rule in 
this country. What is wanted is not so much the 
introduction of food crops at present unknown to our 
farmers, or if known not cultivated by them, as the 
exteqd^d cultivation of those with which they are 
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already familiar. We do not^ however, advocate the 
the doing away with pasture and meadow grasses 
as part of the food- producing lands of our farmers. 
Me^ow land will always be required ; and pasture 
grasses will always, under a judicious system of 
feeding, take a useful part in the changes of feed- 
ing which this system will demand. But we do 
advocate the extension of a system which will do away 
with a considerable proportion of grass lands which at 
present are anything but productive, and which, even 
under better cultivation than is now given them, 
cannot yield the same amount of feeding produce 
as the same extent of land put under arable culture, 
for the raising of a variety — more or less wide — of 
nutritious food crops. But if in the future grass 
lands bo still the leiiding food resource of our feeders, 
we nevertheless maintain that they never will yield 
the profitable results under the present system of 
out-field or open pasturing as they will do if used in 
conjunction with the systems of soiling and of house- 
feeding. 

We have now to explain, as briefly as may be, what 
are the peculiarities of the soiling and house-feeding 
system here and in various parts of this chapter 
alluded to. The terms here used are often considered 
as synonymous, but there is in practice this clear dis- 
tinction between them. The term soiling is generally 
used in connection with the word summer — summer 
soiling,” — and this in correct technical language mefins 
the system of keeping up the animals in the house 
during the summer months, or throughout a certain 
part of them — supplying them with grass cut from 
the fields, whether this be natural or artificial grasses, 
such as Italian rye grass, clover, etc. House feeding — 
which is perhaps more widely, as it certainly is more 
definitely termed “ stall feeding ” — on the contrary, is 
that system on which the cattle or cows are ‘^kept up” 
or housed ” all the year round ; necessitating a par- 
ticular kind of farm cultivation to supply them with 
certain feeding substances, and the adoption more or 
less of what are known os artificial,” or more popu- 
larly cattle foods.” The practical difference between 
the two systems known as soiling” and stall 
feeding” may be said to consist in this, — that stall 
feeding means the housing or feeding of the cattle or 
cows under shelter throughout the year, while soiling 
is house feeding during a part, and this the best part 
of the year, and hence the term summer soiling, by 
which it is best known. Summer soiling is frequently 
adopted, not from any idea that the principle of house 
feeding is the best and the most economical, but 
because from one circumstance or another, such as a 
dry season or the like, the pastures are too poor to 
admit of grazing, or the heat is so great as to make 
the gad-fly — a plague at all times to poor cattle 
exposed to its attacks — a greater plague than usual, 


and from the circumstance that there may be good 
crops of artificial grasses j or, if a greater degree of 
forethought has been given to the cropping of the 
farm, a fair supply of some special food, such as 
cabbages, rape, green rye, or vetches. This latter 
circumstance alone almost invariably decides the 
farmer to adopt the summer soiling ” system ; in- 
asmuch as it takes no great degree of experience 
to know that the only economical method of con- 
suming such special crops is to cut them and take 
them to the house where they are supplied to the 
animals, precisely in the same way as hay, turnips, 
or artificial foods are given under ordinary circum- 
stances of house feeding. And one would from 
this be inclined to expect that farmers, seeing the 
economical advantages of thus giving cut food under 
what they call unusual or abnormal circumstances, 
would, as a matter of course, try or at least thought- 
fully consider the advantages of the system of liouse 
or stall feeding as a regular part of the work of the 
live-stock farm. 

The Soiling Syitem {continued). 

Whatever the reason, it is, however, the fact — and it 
is with facts that practical men have to deal — that 
house feeding, whether it be occasionally adopted, as 
in summer soiling, or form an integral part of the 
ordinary work of the farm, being carried out all the 
year round, is but little practised in this country. 
Perhaps the only circumstances under which the com- 
plete adoption of the house or stall feeding system is 
met with, and this year after year, are those under 
which dairymen live in towns, where land even for 
exercise grounds cannot be had, or in their immediate 
neighbourhood, where, land being scarce and excep- 
tionally dear, only a limited area can be had for 
this purpose. And even in such cases it is but seldom 
that the cows are turned out for a brief exercise or 
airing ; this being confined to the calves, if calves are 
reared in the dairy (a by no means general system), or 
to sickly cows, who may not have any serious disease 
but are “ only a little down.” If we wish to know what 
the system of continuous house or stall feeding is, 
we must go to the Continent, where, taking this as a 
whole, it may be said to be universally practised. It 
is also practised, we believe, and this to a considerable 
extent, by at least the advanced farmers of the United 
States and in some parts of Canada. But wherever 
practised, with careful attention to its details, it affords 
abundant evidence that it is so far a thoroughly eco- 
nomical method of consuming food that, wherever 
systematically and carefully carried out, a certain 
acreage devoted to its crops will keep a much larger 
number of cows, or fatten a greater number of cattle, 
than tlie same acreage would do under the old, or as 
wo should rather call it, the present system practised 
in Great Britain. 
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But while scents anything but odoriferous, and 
sights not all pleasant to the eye, would be a necessary 
concomitant of a town in the days gone by, drained 
on the open channel or gutter system, they would 
rarely — indeed, scarcely could — be in the most concen- 
trated foim ; and even where the gases arising from 
neglected and rarely hand-cleaned or rain-llushed-out 
gutters were pretty strong, it would be a rare thing 
for such strong gases to be passed directly into the 
interiors of the rooms of the houses. Before they 
could reach the height of the open windows, through 
which they would most easily pass to the inside of 
the rooms, diffusion would have been carried out to 
such an extent as to render the aerial poisonous 
gases comparatively innocuous, if not in many cases 
wholly harmless. It is not at all disputed that the old 
gutter system of town drainage gave rise to exhalations 
of a noxious kind, which so contaminated the air 
surrounding the houses that pestilences were often 
thus directly caused. But the reader must take 
careful note of the fact that this great evil was not 
a neceasity of the system. On the contrary, it arose 
from the neglect of our ancestors in availing them- 
selves of the vei-y advantages which the system 
beyond all doubt presented for preventing all danger 
from allowing putrescent matter to remain for a long 
time in the open gutter or the cesspools os frequently 
left open, and also from the midden or open dung- 
heaps. If our ancestors had but learned the lessons 
which every day’s experience might have taught 
them, and which their successors did in time learn, 
they would have seen the connection between long 
neglected collections of putrescent and decaying 
substances, whether present in long lengths of open 
gutters, ormore concentrated in cesspools and dung 
heaps, and certain forms of complaints and diseases 
strikingly dangerous. And if they had learned these 
lessons they would instantly have perceived that the 
very i^stem of drainage which they had amongst 
them gave them remarkable facilities for getting rid 
of the causes of those sanitary evils. Nothing could, in 
fact, have been easier than to have kept their gutters 
clean and their cesspools in a lessened condition of 
danger. No doubt this would have involved labour, 
— it would have been a trouble to them, as all labour 
seems to man naturally to be, — and this labour they 
did not choose to give, this trouble they would not 
take, with such results as history tells us of. The 
great probability is that our ancestors did not at all 
perceive the close inseparable connection between 


dirt and disease, putrescent gases and ill-health. 
This, indeed, may be said to be an almost certainty ; 
if we are to judge from the slowness with which we 
as a community have learned this great sanitary 
truth, and the still greater slowness with which we 
have applied it, and are even now applying it, in 
our public and private sanitary practice. The fact, 
indeed, is but too obvious, that even now there is a 
very large proportion of our population who have 
yet to learn the great sanitary truth above named — 
the close inseparable connection there is between 
dirt and disease. We thus see how great must the 
excuses be for our ancestors acting as they did in 
neglecting to make practical use of the advantages 
which their system of ''open drains” or gutters 
afforded them, to keep the air of towns sweet and 
pui'e, and yet at the same time get rid of their 
domestic and trade refuse. 

And it is a curious, and if our readers will but for 
a moment think of it, a most suggestive commentary 
upon what we hoar so much of now-a-days — the great 
progress made by us nineteenth-century people in 
all branches of the arts and sciences — that in view of 
the evils which our modem system (the second era 
of house drainage history) of drainage gives rise to, 
some of our most advanced sanitarians wish that it 
were only possible to return to the old or first 
system, which we have just been considering, which 
in itself and if properly worked possesses all the 
advantages demanded by a perfect system of dminage. 
And we shall see, as we proceed, that the most ad- 
vanced or perfect systems of house drainage now 
being practised are simply efforts to attach to our 
system of. house drainage those peculiarities which 
constituted the chief and the safe features of the 
old or open channel or drain system. How this 
combination is proposed to be eflected, and what are 
the features of the modern system of drainage, will 
now be explained. 

Two Eras or Periodi of Drainage Work. 

In preceding paragraphs we have glanced at the 
two eras or systems in the history of house and street 
drainage — those being the open channel or gutter and 
the closed channel or drain systems. In the chief 
features of the older of these two — or the open 
system — there is a close application of some of its 
principles to the method of close drainage. This, 
the last or most recent development of the art, is 
found to be divisible into two methods or systems, 
each characterised by its own peculiar features. 
Those are, first, the earliest period of the closed 
drain intern, in which the drains were constructed 
of brick or stone, sometimes of wood ; the forms of 
these being as various as the notions of various 
artificers, each of whom was guided by some empirical 
ru]||pr other — often, indeed, dictated by mere chance 
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or whim, but of all of which it may be said that they 
were in no wise based on what correct principles 
indicated. The work of this whole era of brick or 
stone drains seemed to be done in almost every direc- 
tion as if there were no scientific rules to guide at all. 
And as the work of this class is by no means extinct, 
and is followed with great pertinacity by not a few 
artificers in many districts, it will be productive of 
some practical results if in due place we notice what 
its faults and errors were and are. The second period 
of the modern system of closed drainage introduced 
with a far higher scientific aim a class of work so 
distinguished, alike by the shape or configuration of 
the drains and by the material of which they were 
made, that it may be named as the age or period of 
stoneware tubular drains. The forms which these 
stoneware or vitrified drains assumed were two in 
number: the perfectly cii’cular — to which the term 
tubular is perhaps most correctly given ; and the ovi- 
form or egg-shaped, sometimes the oval or elliptical 
shaped. The circular tubes were the smallest in 
diameter, and were used for the minor or special house 
drains, from which comparatively small volumes of 
liquid refuse had to be carried away. The egg-shaped 
or elliptical drains were \ised for branch drains or for 
large houses, and where the volume of liquid refuse 
was considerable. The same form was also used for 
the large street sewers, and which according to their 
dimensions were made either of vitrified stoneware, 
as in the case of the smaller tubes circular in section, 
or of brick in the case of the very large sewers 
required for populous districts, or for the sewers of 
final discharge into which the whole of the minor 
drains led, as place or locality required. These forms 
or sections of the tubular drains of th.e lost or most 
advanced period of house drainage were based on the 
strictly accurate deductions of hydraulic science, of 
which house drainage is in reality an important 
department. 

Gkaraoterittioi of the Tubular or Modern System of 
House Drainage. 

In this system the drain tubes were laid in con- 
tinuous lines, and so provided with means of forming 
water-tight joints, that when laid in situ or place of 
permanent position the collective series of individual 
tubes formed practically a long continuous pipe, 
capable of passing liquid from end to end in such a 
way that none of it passed through the joints to the 
soil in which they were placed or bedded ; percolating 
through and saturating it with the foul matter of 
the drainage liquid— designated almost universally 
as ** sewage." The form or interior section to the 
tubular drains was not only that which the principles 
of hydraulic science showed to be the best adapted for 
conveying as quickly as possible the liquid refuse from 
the houses to the place of final deposit ; but the tubes 


were so bedded on an incline that this quick removal 
was still further facilitated. The small-sectioned 
pipes were all led as directly as possible to the street 
sewer, and a junction between the two carefully 
made. Practically, therefore, the smaller drains and 
the larger street sewers or drains formed a continuous 
hollow chamber or conduit of varying length — the 
primary opening of which was at or within the house 
the liquid refuse of which was to be removed, the 
secondary or final opening at the drain. There vras 
thus formed an underground or subterranean passage, 
which, while it attbrded facilities for the liquid to flow 
from the houses to the street sewer, as clearly afforded 
facilities for such air or giises as were from one cause or 
another forced or allow’^ed under pressure to pass in the 
opposite direction — that is, from the sewer or from 
any part of the smaller drain, where gases were being 
formed, towards and often into the house. That this 
was an obvious evil will be at once perceived, and 
to obviate it various contrivances and methods were 
devised. We si i all see, in explaining these, how far 
they were calculated to effect the object in view — 
namely, to prevent the ingress of gases or foul air 
into, while at the same time it facilitated the easy 
and quick egress of the liquid refuse from the house 
to the sewer. 

Water the Medium for Conveying away Sewage Matter 
from Honsei, 

From this very general view of the features of the two 
periods of the modem drainage system of close drains, 
the early or brick and stone drains of irregular section, 
and the tubular, circular or elliptical drains of the 
stoneware period, the reader will be able to gain on 
idea of the chief characteristic feature of these two 
classes of drains. In both, whatever was the material 
of which the congeries of drains were formed, or 
whatever the shape or section, it was necessary that 
the sewage should bo carried along them to the place 
of final deposit as quickly as possible. We shall see, 
as we pi‘oceed, that not merely the form or shape of 
the drain, but of the material of which it is constructed, 
exercises an important influence on the rapidity of the 
flow of the liquid through it. But, how^ever accurate 
the form of the drain, and however well constructed, 
it ia obvious, from the very nature of the refuse of a 
house — in great degree solid or semi-solid, and possess- 
ing substances more or less adhesive, or as we may say 
glutinous in character, such as grease and the like — 
that to get it quickly conveyed along them it must 
have given to it by some means or other a greater 
' degree of fluidity than the general refuse of a house 
as a rule possesses ; and with this increase of fluidity 
would come, as a matter of course, an increase of 
mobility or capability of being easily moved from 
one place to another. 
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Xn BUaOBT OB IDLL HABS AS A 
TBOBBIOAL WOBKEB. 

The Oeoaiosatxok, Genbeal Duties, axd Bpboiaii 
W oEK OP THE Staff of Factories foe the Peobuo* 
TiON OF Spun and Woven Goods— that is, “Yarn” 
AND ** Cloth ’’—AND those chiefly in Cotton and 
Wool.— General Desoeiption of the Various Pro- 
cesses OF Manufacture. 

CHAPTER XIV. 

In describing the slabbing frame, we have almost 
described those which follow — namely, the ‘inter- 
mediate,” “ roving,” and “ jock ” frames. As we 
have before remarked, an intermediate frame is in 
some districts denominated a “ second slubber ” ; and 
this name has arisen from the fact that the inter- 
mediate frame was not in use formerly, and when 
added, it received in one district the name of .second 
slubber, as the roving frame followed the slubbei*. 
In other districts it had given to it the perhaps more 
appropriate name of “intermediate,” as it ciime in 
between the slubber and the roving fmme. 

The only diflerenco in the appearance of the 
“intermediate” frame, as compared with that of the 
slubber, is that it has an erect or frame part attached 
to it, so that the bobbins wdiich are made at the 
felubbing frame can bo placed in an upriglit po.sition, 
where they can be so arranged that the roving can 
drawn from them directly to the rollers. A pin or 
skewer is used, by which the bobbin is pulled round 
with ease, so that the roving cannot be broken or 
strained. This “ intermediate ” frame has also rovings 
running together, which is called double roving,” 
the slubber hav'ing but one. We must keep in mind 
that the two rovings w'ill only be about half the 
thickness of the sliver which was put up behind the 
slubber. This intermediate frame now carries out all 
the operations precisely in the same way as that of 
the slabbing frame, as we have above described. 

Practical Work of the ** Intermediate ” or Second Slabbing 
Frame. 

This frame claims for its functions two things. First, 
although having two rovings put up behind, these 
are so elongated by the draft which is in the rollers, 
amounting to perhaps five, that the roving produced 
is much thinner (called “ finer ”). The two being only 
half the thickness of that behind the slubber, are 
further reduced to about a third the thickness of that 
of one of the ends from the slubber. To the inex- 
perienced in the drawing and spinning of cotton this 
may appear as a useless expenditure in machinery, in 
the additional wages, room, and turning. This has 
proved to be much to the contrary. To give an 
example, we will suppose that a draft of six or seven 
had been given to the slubber instead of five. The 
roving at the slabber would have been so pulled that 
it could not have held together to be wound upon a 


bobbin* Anothfir advantage is gained by having an 
intermediate frame ; and that ip, two ends ate pat up 
at the back, and this insures what is called another 
doubling, which adds much to making the yam more 
even, and it is found from experience that short drafts 
are much in favour over that of long drafts in making 
good yarn, even and strong. Every time that the 
roving or sliver is doubled it will endure a greater 
pull (draft). The mechanism of the intermediate 
frame may be said to be a facsimile of that of the 
slubbing frame; the only difference in the work 
being an extra double, and a further draft by which 
the sliver or roving is reduced — made finer. The 
spindle of an intermediate frame is also lighter and 
thinner than that of the slubbei*; the flyer is also 
narrower and shorter, and the bobbin is shorter in the 
lift, and when full of roving it is le.ss in diameter. 
This will be evident to all when they know that the 
roving is finei-, and therefore les.s strength is in it 
to drag the bobbin round when put in the next frame. 
The intermediate frames range from 120 to 160 
spindles each. 

The Boving Frame. 

The frame which follows the intermediate is called 
a “ roving ” frame. This frame is in evei / particular 
like the intern irjdiate — ^.e., in form. The difference 
lies in the spindles, flyer, and lx)bbin8. It receives its 
work or roving from the intermediate frame, and Ls 
reworked in the roving frame precisely as those are 
in the intermediate frame from the slubbing frame. 
Two rovings from the intermediate frame, being placed 
in the creel of the roving frame, are drawn with a 
draft of six or six-and-a-half — ?.e., the roving as it is 
delivered from the rollers is six times longer than it 
W'as when put behind the frame. So the roving is 
by that so much the finer. This roving frame, in 
coarse spinning mills, where counts do not exceed, 
say “forties,” is tlie finishing frame in the frame 
room. The bobbins from this frame are taken to the 
spinning frame, be it either mule or throstle. 

In a medium spinning mill, say where from fifties to 
one hundreds in counts are spun, and a good quality 
of “ carded yarn ” is required, another frame is added, 
sometimes termed a “ second roving frame,” or a “ jack 
frame.” Thi.s “ jack frame ” performs its woi*k in 
the same way as a roving frame, having two rovings 
put in the creel and drawn into one, and is made 
about seven times longer but only about three-and-a- 
half times finer than the two together, which was put 
up. A finer roving is required where a finer yarn is 
spun ; and it will be found by following each draft in 
each frame, as we have named, that the roving is in 
every process finer and finer. It is found to be of 
undoubted advantage to have small (short) drafts in 
every process, and hence the advantage of the inter- 
mediat# frame for coarse counts, and the additional 
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frame { for the finer Oonnte. The adoptlcm of 
the framee as neined has been founfi of the utmost 
importanoe in seouring good work^ so that, as may be 
expected, they are in very general use. Our own 
experience satisfies us that to make a good class of 
yam from a medium class of cotton they mu&t be 
made use of. A little extra labour in producing yarn 
in a cotton mill, if judiciously applied, is by no means 
lost ; but all other things l^ing equal and carefully 
carried out, the extra labour will be seen in the extra 
value of the finished material. 

Importaaoe of Good Boviogi — Esioatial to the after Procesiee 
of Spinning of Tam. 

Before we enter upon the last process which cotton 
has to undergo before that of spinning, we must say 
that good spinning is only obtained after good manage- 
ment in the preparing of the rovings. Good rovings 
can be attained only by carefully watching each 
and every stage which the cotton passes through, (we 
are now taking it for granted that a judicious and 
suitable selection of cotton has been made,) paying 
strict attention to little matters which get wrong, and 
without delay making them light. Little things are 
often neglected, being but little things and by some 
therefore deemed unimportant and treated as such. 
No foreman or manager of any concern can succeed 
well by neglecting small things simply because they 
are small things. The duty of a foreman is to he 
careful in all matters, be they but small; and this 
carefulness on hivS part will of necessity produce 
carefulness in those under his superintendence, and 
therefore liis time will not in the end be so much 
needed for the nppfirently trifling affairs. The old 
adage “ take care of pence and pounds will take care 
of themselves can be applied to things in con- 
nection with the working of any material, and hence 
the importance of thoughtfulness and care in pre- 
paring for spinning. Be it understood that whatever 
is indifferently produced in any of the frames we 
liave treated upon, be it much or be it little, the evil 
must remain. The roving is not like a painting, 
where the brush can take out the defect, and replace 
it with the required finish : no, it is there, either as 
complete as hands and machinery can make it, or 
else in an imperfect condition, and there it must 
remain ; and in proportion as the imperfection is in the 
roving, so must the finished yarn be imperfect. We 
make these brief remarks here, at the close of our 
description of the preparing rooms, where the making 
of good thread so much depends upon the coiTectness 
of the roving. Tlie roving must thus depend upon 
the past processes, however correct the roving frame 
may be or however well it is managed, for m^ing a 
good roving. The reader will from these brief remarks 
at once see the importance of each process having its 
full attention and care given to it. Having secured 


a good level, even roving, we can then enter the spin- 
ning room, having a fair confidence that with good 
mtaohinexy and good numagement a good thread can 
be produced. Then, and only then, can the manager 
of a spinning mill conclude that it has to a certain 
extent attained the object laid out for it to secure. 

The Bpiimiiig Proeets of the Cotton Yam Xannliaetnre.— 
The Throttle. 

TJp to the point at which wo left off in preceding 
paragraph, all the operations connected with the 
manufacture of cotton yam, and which we have 
described, are under the class of work to which, in 
technical phrase, the name of “ preparation ” has 
been given. All the machines described are those, 
therefore, of “ preparation ” — that is, are used to 
‘‘ prepare ** the cotton fibres for the last or finishing 
proc'osses of “ spinning.** In one sense spinning or 
twisting is performed by the slabbing ** frame and 
cognate frames which follow it, and which also we 
have described. But we have made it clear, we trust, 
that the twist or degree of spinning given to the 
cotton fibres — or “ rovings,” as at this stage they are 
called — is only given for a temporary purpose ; and 
that the “ twist ’* 1 as to be taken out at the first 
stage of spinning proper.** This, the final realisa- 
tion of all the preceding work of preparation, we 
now proceed to consider. Spinning is done by the 
‘Hhrostle’* and the ^‘mule,** sometimes denominated 
water-frame. Tl.o throstle resembles the roving 
frame ; and it may be that either the throstle has 
been taken fioin the roving frame for principle, or 
that t}?e roving frame h.ajs been borrowed from the 
throstle. We should be inclined more to the hatter 
opinion, knowing that roving frames are of but a 
recent date compared to that of the throstle. Before 
tlio roving-fnime was adopted the system of making 
rovings was fiom a machine called a ** Billy,” much 
resembling a mule. It matters but little which of 
them has the priority in point of date ; it is enough 
to say that they receive their rovings from the roving 
frame, and they are placed in a creel ” similar to 
that of a roving frame. Two rovings aro run to- 
gether, and wl^eii this is done it is called spinning 
with “ double rovings.** 

In the coai'sest system of spinning single rovings are 
adopted. The arrai»gemcnt for drawing by rollers is 
like that of all other frames which have for their 
object that of drawing (elongating) the thread. In 
the throstle the draft ranges from eight to twelve — 
r.c., it is only one-eighth or one-twelfth the thickness, 
therefore it is drawn out eight or twelve times the 
length of that in the roving as received from the 
roving frame. The frame consists of draft rollers, 
spindles with flyers attached to them, and it is 
driven by a belt or strap, mostly leather. The 
shaft, called the ‘‘ line shaft,’* has pulleys of the 
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size to give the requisite speed to the spindles. The 
frame has a shaft, and one end of the frame, called 
the driving end, is furnished with two pulleys, — one 
screwed or keyed fast to the shaft, called the fast 
pulley, and the other pulley, which is on the same 
shaft and close to it, termed the loose pulley. When 
the frame is working the strap or belt runs upon 
the fast pulley, and when it is necessary to stop it 
the belt is drawn on to the loose pulley. On this 
shaft, where tlie pulleys are placed, it has attached 
to it a tin roller, which runs the whole length of the 
frame — t.e., through the centre of the frame. It 
varies according to circumstances as to the diameter 
from eight to ten inches. The object of this tin 
roller is to drive the spindles. Upon the shaft, 
which is driven by the belt, a toothed wheel is fixed, 
and from this wlicel the drawing rollers are driven. 
From the same arrangement of wheels the twist is 
regulated — i,e., more or leas twist can be given to the 
yarn by changing a wheel called a twist wheel. The 
spindles are driven from the tin roller by cotton bands. 
The spindles are provided with a little pulley called a 
wharve \ this wharve is cut out in the form of a V. 
In this groove the band runs, and so the spindle 
receives its motion. The spindles are made to run 
about five thousand revolutions per minute. They 
maintain one speed, but the rollers are varied in 
speed, to effect the twist which is required to be 
put in. When less twist is required the rollers are 
made to run faster — Le,, to turn more length out ; 
and when more twist is required the rollers run at 
a slow’er rate, consequently the yam receives more 
twist per inch. Twist in yam is always spoken of by 
the number of turns or twists there are in the inch. 
Throstle yarn is always spun with more twist per inch 
in it than in the mule yarn. It is mostly spun from 
a better quality of cotton. Throstle yarn being of a 
rather better quality and harder twisted, it is always 
intended for warp yarn. The warp is the longitudinal 
part of a piece of cloth. This part of the cloth 
having the gi^eater tension to bear, it is necessary to 
have all the strength that can be obtained. 

Spinning of Cotton. — The Throstle (continued'). 

The throstle is well calculated to contain a larger 
quantity of twist than that of mule yarn. The 
spindles are provided with what isj called a flyer (like 
a two*pronged fork). The flyer is different to that of 
a roving frame ; the legs being solid, with a curl on 
each leg. The yarn is twisted two or three times 
round one of the legs of the flyer and then put 
through the curl. The throstle frame is supplied 
with bobbins on which the yam is wound as it leaves 
the rollers. The twist is, of course, put in between 
the rollers and the bobbin, and this is done by the 
revolution of the spindle. The twist is regulated by 
a wheel called the “ twist wheel.^* The twist wheel 
is varied in its number of teeth according to the 


number of counts required to be spun. A rule is laid 
down for the calculation of twist, so that the twist 
is uniform in all counts. The finer the yam the 
more twist it requires. This is so on whatever 
kind of a machine the yam is produced. The twist, 
nevertheless, varies in its number of twists per inch 
according to the purposes for which it is required. 
Some kinds of goods for which throstle yarn is used are 
required to be spun softer — ^^e., less twist per inch, 
and this gives a softer and a fuller appearance in tl e 
manufactured goods; but where a kind of material 
is required of a harder and sharper texture, then the 
twist is increased in proportion to the firmness of 
the manufactured article needed. Soft twisted goods 
seldom wear* so well as the medium twisted cloth. 
Extra hard twisted goods rarely or ever are so durable 
as the more medium twisted material. Extremes in 
manufactured substances are often unprofitable to the 
consumer. Be it as it may, the change in fashion 
has its demand, and it must be satisfied. With this, 
the consumer ought not to complain of the fashion- 
able materials wearing out so quickly. The hand 
which is employed to manipulate and manage the 
vrorking of the throstle, as tenter, is in almost all 
cases that of a female. 

Throstle Spinning (continued). 

The superintendence of the room where throstles 
are situated is intrusted to a man of experience in the 
mechanical arrangement of it, as well as having know- 
ledge of the working of it, and in making changes in 
counts and twists, besides having the control of the 
hands who are engaged in working or tenting them. 
He is therefore made responsible for the production, 
the quality of the work (yarn produced), and the 
conduct of the hands, and the general condition of 
things in the room. This being the case, he receives 
for his trust an extra remuneration to that of a man 
who is simply responsible for an individual machine 
and its production. The throstle frame is seldom 
made to contain more than from two hundred to 
three hundred spindles. The lengtli varies mostly 
according to the position or place where they have 
to be stationed. We have said that the throstle 
frame resembles that of the' roving frame by having 
drawing rollei’s, creels for bobbins, spindles and flyers ; 
the driving of the spindles in the roving frame 
being by that of wheels, but in the throstle fmme by 
that of cotton bands. The bobbin in the throstle is 
drawn round by the yam which is wound upon it ; it 
being full of twist, and the bobbins being small, it is 
strong enough to do it, and therefore the driving by 
wheels is dispensed with, — and we may say that they 
would be impracticable for the ‘Hhrostle,** — but in 
the roving frame the dragging of the bobbin by the 
roving could not be caiTied out on account of the 
soft^||i3s of the roving which is required in order that 
it #tn be redrawn. 
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Tbadb. 

CHAPTER XIX. 

Yagetftble Oolourixig-Vattera—'ITfa of Cateobn (continue!). 
Catechu contains (2) A colourless tinctorial principle 
known as catechuin or cateclmic acid, to which are due 
its dyeing or tinctorial properties. This substance may 
be prepared in a state of purity from catechu by 
powdering and extracting first with cold water, which 
extracts the catechu-tannic acid, then treating the 
residue with boiling water, filtering hot, and on 
cooling the liquid crystals of catechuin are ob- 
tained. These are found to be slightly soluble in 
cold, I'oadily in boiling water, and in cold or hot 
alcohol and acetic acid. The solution on exposure to 
the air slowly changes colour to red and then deep- 
brown, due to oxidation, and that brown insoluble 
substance is formed which constitutes the brown 
of catechu in dyeing and printing. This oxidation 
takes place more rapidly in presence of alkalies. It 
also takes place, and rapidly, by the action of many 
reagents, especially dilute nitric acid and bichromate 
of potash. The latter salt is applied in practice, as we 
shall afterwards see. (3) Brown ** extractive matters, 
mostly produced by the oxidation of catechuin and 
catechu-tannic acid, and which demand no further 
notice. (4) Mineral matter or ash, which greatly 
varies in amount and composition in different samples, 
but which is derived from the plant from which the 
catechu is made, and from mechanical impurity. 
This, unless of unusual quantity, is of no great conse- 
quence, and so we pass it over. 

Practical Application of Catechu. — Recipes for use. 
We have seen that the colouring principle of catechu 
dissolves in water, especially if hot, and in acetic acid ; 
and that when this solution, which is of brown-yellow 
colour, is acted upon by oxidising agents such as the 
air, especially in presence of alkali, and bichrome, an 
insoluble substance of a fine deep-brown colour is 
thrown down. The use of catechu is based upon 
these facts. The catechu is boiled with acetic acid 
at 4°T., at the rate of 21b. catechu cubes to 1 gallon 
of acetic acid at 4° T. ; the dark-brown liquor is allowed 
to settle and the clear liquor decanted. This is 
then boiled with 1 lb, starch, 6 oz. chlorate of potash 
are then added, and the mixture cooled, and a solution 
of 2 oz. chrome alum in 3 gills water is added. This 
is printed, aged, and then either steamed or passed 
through biohrome, when a fine deep-brown is developed. 
The chlorate of potash in the colour is to aid the 
oxidation ; the chrome alum also aids in oxidising the 
colour and in modifying the shade. Another method 
of using catechu is illustrated by the following 
example, which yields a dense brown ; catechu 2 lb., 


acetic acid 4°T,, treat as before, cool, and add 
sal-ammoniac, 3 J oz., dissolved in 1 gill water, then 
mix with jJ oz. verdigris pulp. Print, age two nights, 
and pass through milk of lime. The action of sal- 
ammoniac in this recipe is not definitely known ; but 
certain it is that it so acts upon the copper of the 
verdigris and the catechu as to cause the more rapid 
and complete oxidation of the catechuin. Sulphate 
and sulphide and nitrate of copper, and prolmbly also 
chloride, may be substituted for verdigris. Many 
substances may be added to catechu colours to modify 
and improve the shade, such as acetates of iron and of 
manganese. This method of using catechu — namely, 
by printing its solution — is very frequently combined 
with the use of gaiancine. Catechu is largely used 
in dyeing — that is to say, a mordant of acetate of 
iron and of alumina printed on the cloth, and fixed 
by ageing or steaming and dunging. This is then 
dyed in a solution of catechu ; rich shades of brown 
are thereby obtained. The following mixture is an 
example of a catechu colour used in garancin styles : 
— Catechu 21b., acetic acid at 4®T. gallon, boil, 
stniin, and add 10^ oz. sal-ammoniac, 8 oz. acetate of 
copper, 1^ gill acetate of lime, 1 nog. red liquor at 
12®T., and then mix wdth 1| quart thick gum- 
arabic. Print along with the mordant or mordants 
for garancine, age the cloth two nights in the air, dung 
and then dye in garancine. The combination will con- 
sist of deep brown together wdth the garancine shades. 

Sumac (Sumach, or Shumac) 

is the dried and ground leaves, leaf-stalks and small 
twigs of a shrub growing in various parts of Asia, and 
in Franco, Italy, Sicily, Spain and Portugal, and named 
Rhus cotinu^. It is a coarse dry powder of pleasant 
odour, with a greenish tinge. Water dissolves out a 
pale or bufi'-coioured liquid. The active principle of 
sumac is tannic acid — of w hich good qualities contain 
about one-quarter of their weight. Sumac is used as 
a source of tannic acid in printing and dyeing, and 
for the production of drab shades in printing iron 
mordants and dyeing up in sumac. Since the intro- 
duction of pure tannic acid at a cheap rate, sumac 
and divi-divi have been less used as sources of tannic 
acid in the dye-beck, etc., in printing. 

Divi-Diyi. 

This consists of the pods of a small tree growing 
in South America, named Cmsalpinia coriaria. The 
pods are 3 inches long by nearly 1 broad, of dark- 
brown or black colour, and generally warped or 
doubled up. When extracted with water they yield 
a dark-coloured liquid consisting almost wholly of 
tannin, which is applied in dyeing for blacks, etc. 
Gkx)d divi-divi generally contains 50 per cent, of 
tannin. In dyeing, a tannin liquor is made by extract- 
ing with water, letting settloi and using the dear 
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liquor^ which is used for dyeing upon iron mordant, 
especially the cotton warp of mixed goods. 

Sapan. 

This is the wood of a variety of CceacdpiniUf 
a soft-wooded plant found in Siam and Bimas. In 
printing it is used as an extract — chiefly for the 
production of a “ steam-red/’ but since the introduc- 
tion of aniline scarlet, etc., has fallen into disuse. 
It is used as a “ spirit '^red colour in woollen printing, 
being printed on the cloth with an acid solution of 
tin, and aged in the air. 

Taimio Acid. 

This is generally considered as a mordant, and, 
indeed, acts as such in most instances in which it is 
employed] but as in other cases it behaves as a 
true dye, and is the principle in many of the vegetable 
compounds which we have treated above, and which 
are generally considered as dyes or dye-wares, we 
therefore treat it here. 

Colouring Matters now rarely used. 

It would be considered perhaps by our readers an 
inexcusable omission were we not to notice, even briefly, 
those colouring-matters which, though once important in 
the calico printing industr}’, are now only of historical 
interest ; we will, therefore, notice the more interesting 
of these dyes. Some of these have been driven out 
of the market owing to the less cost or the greater 
facility of application of artificial dyes otherwise 
similar ; others have been superseded by manu- 
factured products which exceed in brilliance or in 
fastness the natural products. In other words, the 
colouring principle of some dye-wares can be produced 
artificially in a state of purity, and at a cost less than 
that of as mucli natural dye- ware as would yield an 
equal dyeing power ; and again in other cases artificial 
substances have been introduced, which, though of 
diflerent chemical nature, yield equal or brighter shades 
at a less cost. The introduction, in later years, of 
numerous brilliant and cheap organic artificial dyes 
has wrought extensive change in the colour-mixers* 
stock of dye-wares. Kef erring to the last few years 
only, may be mentioned alizarine blue, methylene blue, 
and auramine, as examples of dyes which have to some 
extent replaced some natural products. 

Safflower or Wild Saffron^ which has been rejdaced 
by SaffraninCy is the product of a thistle-like annual 
plant known as Carthamus tincioriuBy a native of 
various parts of Europe, Asia, and America. It 
contains at least two colouring principles : one a yellow, 
and the other and only useful one a red, named 
carthamic acid. The red obtained on cotton and 
other fabrics by safflower is of considerable brilliance, 
but is, to use the trade expression, as loose as water.” 
The method of applying it is to extract the drug first 
with cold dilute add, which eliminates the yellow 
colouring'Znatters, then to extract with weak solution 


of carbonate of soda. The solution thereby obtained 
contains the carthamic acid, and is thickened and 
printed on the cloth. 

Lo'kao or Chinese green, a product obtained by 
the mixture of two vegetable dye-plants — namely, 
lihamnuB utilis and R, clUoropIioruB, It yields a 
brilliant but loose green, the coarse powder as 
formerly sold being treated with solution of a tin 
salt thickened with gum, printed and aged in the 
air for several days. It is now never used in calico 
printing. 

In describing the various colouring-matters used in 
calico printing, or in dealing with their preparation in 
the colour shop, we have given an example of printing- 
colours in the case of each substance treated. It 
must be remembered that in many instances other 
inuthods than those we give are employed for producing 
the same shade; but we have always given recipes 
which we have either personally found to yield good 
results, or are stated by acknowledged authorities — 
when such exist — on the subject to yield good results. 
Unless otherwise stated, wo always give a recipe 
for a medium shade of the colour — that is, a shade 
which would appear of pleasant intensity or depth 
w^ere it printed in a single-colour pattern, 

( 2 ) ANIMAL COLOUHING-MATTKR. 

Only one natural colouring-matter of animal origin 
used in ttilico printing is w’orth mentioning, and that 
one is now but rarely employed — namely, cockinealy 
once an important dye in cjilico printing, and yet 
employed somewhat extensively in woollen dyeing and 
printing, but superseded, for cotton, by aniline scarlets. 

Coi^hineal is a red dye-ware consisting of the 
dried bodies of various species of homopierom insects 
belonging to the family of Coccidwy genus Coccus, 
The size of those insects is about that of a small pen, 
cultivated in India, Spain, Canary Islands, and otlier 
parts. The colouring-matter is carmitiic acid, which 
is contained in particles in the insect s body ; it is 
solublo in water to a bright-red solution; alkalies 
turn it violet; strong sulphuric and hydrochloric 
acids dissolve it ; lime and baryta w^ator yield 
purplish precipitates, as also the acetates of lead, zinc, 
and copper. Alum does not at once yield a precipitate, 
but if after the alum ammonia be added, red carmine 
lake is thrown down. Tin crystals turn the aqueous 
solution of cochineal to a bright scarlet. Cochineal 
may be fixed upon cotton cloth by printing the 
solution along with acetate of alumina and steaming, 
or tin crystals, and long ageing. 

Ammoniacal Cochineal . — Carminic acid, or colouring 
principle of cochineal, forms with ammonia a new 
compound, which is frequently the form in which 
cochimeal is employed industrially. It is superseded 
for n^st pui*po8es by the greatly cheaper and equally 
brilliant dye aniline scarlet. 
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THB DOMESTIC HODBE OB HOME PLAHVEB 
OB DESIOHEB. 

The M^obk of the Young Abchitbct ob Bdildbb in the 
Designing of Houses for Town anO Country. 


CHAPTER XII. 

The Two Methods of Gaining Aoeess to the Itair eommon to 
all the Homes. 

TnEliE axe two plans or modes of building liouses on the 
flat ” system ; in one, as in fig. 8 (vol. iii., p. 139), the 
passage or lobby, which gives access to the staircase 
leading to the various stories or flats, enters at and 
directly from the pavement of the street, two houses 
being on the ground floor and entering from the main 
or entrance passage and lobby right and left of the stair- 
case ; the other houses in the upper stories also enter 
1 ight and left of the landing. In the other arrangement 
the building is set hack from the street pavement sush a 
distance as to admit of a plot of ground being laid out 
either as a small flower garden or simply as a grass 
plot. In this system the lobby or passage giving 
entrance to the staircase leading to the flats or upper, 
stoey houses is flanked right and left by a large house- 
termed in Scotland “ a self-contained house,'" as it has 
a separjito entrance from the garden i>lot, which is 
fcliown at 0 0 in fig. 9. This is entered by a gate, os at 
y, and divided by a railing and parapet wall from the 
pavement of the street. These two self-contained 
houses are reached by a short fliglit of steps, I, leading 
from the pathway k to landing and front door w. 
The kitchen — and sometimes a breakfast or bedroom 
for the members of the family — department of each 
self-contained house is placed in the area, or what would 
bo called in England the ‘‘ basement ” plan or floor, 
and is reached by an interior staircase, as also access is 
given to it from the outside by area steps, as shown 
at h h, fig. 9y it being the area ” level by which 
tradesmen, etc., enter or call, so as to avoid going 
through the house, thus giving the same convenience 
as London suburban houses possess — viz., a servants’ or 
tradesmen's entrance separate from that of the family. 

The flat " or common-stair houses are reached by 
the stairciise from the lobby at n n, fig, 9, correspond- 
ing to a a in fig. 8. The lobby 7i n, fig. 9, of the com- 
mon stair, as 6 c, fig. 8, is reached from the street a a 
or pavement b by fig. 9, through the entrance gate t, in 
railed parapet walls, which separates the front garden or 
flower plots, as o o, from the pavement by the paved 
footpath k, at the end of which is a short flight of 
steps, ly leading to landing m in front of the door n to 
entrance lobby or passage n n leading to the common 
stair, as & c in fig. 8. The area space, as Z / in fig 9 
and// in fig. 10, runs right along in front of the 
houses, however numerous those are in the row or 
street, and is divided into the separate ** areas" given 
to each self-contained house, as i i, fig. 9, by party 


walls. Those are generally arranged so that they 
form spaces between them, and aflbrd supporting 
walls for the steps and arches carrying the steps and 
landing, as shown in the section in fig. 10 at g g. 
Those arches are necessary in order to span the void 
or space formed by the area, between the first wall, 
6 e, of houses and solid soil of the street and pavement 
at i t. In fig. 10 a a is the level of street and pave- 
ment surface is the parapet wall on each side of 
the passage or paved footpath cc in fig. 9. This para- 
pet wall, b by fig. 10, separates the passage from the 
area, as i i, fig. 9, on one side, and from the garden or 
flower plot, as at oo, on the other. The parapet wall 
b by fig. 10, is crowned with an iron railing, c c. The 
flight of steps and the landing to the door d of the 
lobby to common stair is supported by the arch, as at 
g (j. The area surface is at//, and gener ally bounded 
on the street side by what is called a coal “cellar," as 
at j k. The window of the apartment c e in sunk ox* 
basement floor of the “ self-contaiiiCd house " is at Z. 

PlaxiB of Street Houees on the “ Flat ” Syatem, with Self- 
contained or Independently Entered Honiee on the Lower 
Story. 

ligs. 9 and 10 illustrate one method of arranging 
the houses when the ground floor is taken up by 
“ self-con Uiined houses " which are reached directly 
from the street by entrance^^ quite distinct and 
sepamto from the pasivage liading to the common 
stair. When “ self-contained houses " form part of 
the general row or street, the arrangement in plan 
is always, as in fig. 9, a central doorway, as </, 
being fianhed right and left by two doors ?i 71 ; n n 
being the dour to the lobby or passage loading to 
the common f^tair s — “ common " to all the flats in 
the upper stories — g being the door to the self- 
contained houses. But the arrangement .as shoAvn 
in figs. 9 and 10 is not always adoj>ted. In many 
of the streets, and perhaps more especially in the 
W'ealthicr and more aristocratic quarter of Scot(i^h 
towns, there are no gardens or flower-plots, as at 0 0 , 
fig. 9, between the pavement b b and the front 7i g u 
of the houses. The space between them in this 
alternative arrangement is wholly taken up with 
“ sunk area " space, as at i i, fig. 9 in plan, and / /gg 
ill fig. 10 in section. In this arrangement access is 
generally had to the doors of the self-contained houses 
and the common stair lobby by landings or broad 
paved spaces leading dii'ectly from the pavement 
without any entrance gate, the iron railings topping 
and fronting the space occupied by the sunk area 
below. These broad entrance landings or pavement 
spaces are generally on a level with the pavement of 
the street, or raised above it by one low step, the “riser" 
being generally of less height than that of an ordinary 
step. Fig. 11 is front elevation, adapted to this style, 
but the railings inclosing the sunk areas are not shown. 
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THE TECHNICAL BTTJBENT’B INTBODBCTION 
TO THE OENEEAL PRINCIPLEB OF 
MECHANICB. 

LAWS AFFECTINa NATCBAL PHENOMENA — HATTEB AND 

Motion. 


CHAPTER XXIX. 

Changei in the Character of Motion brought about by 
Change! of Foiition or of Form in Sodiei. 

We have seen, from what has been stated in the 
preceding paragraph, the important influence which 
form exerts in bodies moving along surfaces. It 
is no less noticeable in the case of bodies which 
move through the air or through water — or, con- 
versely, which derive their motion from or are 
influenced by or acted upon by air or water. Thus, 
by a change in the form of a body which is projected 
or shot through the air, we bring about a very 
material change in the chai’acter of the motion of 
the body. And this change in the form may be of 
a very simple character; genei*ally speaking, the 
change consists in adding to the general bulk of 
the object parts which, forming new surftices, give 



Fig. 33. 


oblique ones — against which the air or the water 
impinges at an angle to the general lines of the 
object. When we come to consider the phenomena 
of bodies put in motion by more than one force, we 
shall .illustrate this characteristic of motion — as the 
illustration will come more closely under that subject. 
We refer here to the point under notice only in a 
general way, instancing the feathers of an arrow 
shaft or the projections of a rifle bullet as examples. 
The student will find throughout his practice a wide 
variety of instances in which what we have called the 
“ bias ” of a body or object depends upon the form or 
sonfiguration, and which we have illustrated in a 
number of ways. These examples have hitherto been 
confined to the cases of bodies or objects which have 
motion in themselves over surfaces which are fixed. But 
the phenomena are observable, although they are mani- 
fested in a different way, when the converse of this 
condition is met with, and we have the bodies or objects 
fixed or stationary and the surfaces which are in con- 
tact with them in motion ; so also when the surfaces 
are fixed and the body or object moves in contact with 
these surfaces, but are so fixed that they move always 
VOL. rv. 


in one position. We shall see presently that by 
the change of that position a change is in like 
manner brought about in the character of motion. 
Ijet ns suppose that a roller, a a, fig. 33, is free to 
revolve in fixed or stationary bearings ; its surfaces 
or periphery coming in close contact with the 
surface of a table, b b» This table has an alternate 
motion given to it, which causes it to move hori- 
zontally in the direction of the arrow c, and next in 
that of the arrow d. The motion of the roller a a 
will thus be that of alternate circular, as that of the 
table ^ of alternate rectilineal motion— the roller, 
as ey revolving in the direction of the jfrrow when 
tliat of the table is as at /, and revolving as at j when 
the table move.s as at h. Presuming that the work 
to be done by this mechanical arrangement is to rub 
out or mix some greasy substance, as paint, the young 
.student might at first conclude that, taking care to 
have the tw’o surfaces — that of the arrow a and the 
table b h — closely enough in contact, it would matter 




little, so far as the rubbing or mixing action was 
concerned, how the roller a a w as placed in relation 
to the table b b. But, if he will think the mattei* 
out, he will perceive that the rubbing iiction will be 
difierent in chai acter by placing the roller a a, as in 
fig. 34, oblique to the line of motion of the table 
b b. In a certain chiss of machines two or more 
rollers are placed oblique to each other and to the 
table, as at c d in the same figure ; conical rollers are 
showm hi e /. In many cases of mechanical w’ork 
the value of this principle of placing bodies diagonally 
oj’ obliquely in relation to motions of a rectilineal 
character Ls becoming more and more recognised, 
and late years have witnessed a variety of applica- 
tions which may be said to add their mechanical 
efficiency to its adoption. The young reader may be 
helped in his analysis of the motion given in fig. 34, 
at a by c dy by considering the character of that in 
fig. 35. This represents the principle of working 
of a farming implement for stirring up and dis- 
integrating the soil, and may be looked upon as an 
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excavating machine. The roller a a is provided 
with a series of arms or claws, shown in diagram, 
projecting from its surface. Rotatory motion was 
communicated to these by appropriate mechanism, 
set in motion by the same power which dragged the 
apparatus along in the direction of the arrow c, and 
which direction was at right angles to the line or face 
of the soil to be stirred or excavated. While this to 
a certain extent was efficient in operation, it w'as 
found that in place of fixing the working shaft 
a a parallel to the face of the work or soil to be dug 
up or excavated, or at right angles to the line of 
direction of* motion c, by fixing it diagonally in the 
framing, as at d <?, the work was done much more 
readily and efficiently, the soil being more thoroughly 
disintegrated or broken up than when the motion at 
a a was used. The reader will perceive that the 
efFect of this arrangement was to present the ex* 
cavating shaft to the soil so that it took the work 
in parts or divisions, the end d entering the new soil 
in the first instance; and as the frame was dragged 
forward in the direction of the arrow c, the rest of 



Fig. 35. 

tlie rollers came gradually into action. But as the 
Boil "was operated upon by the claws near the end cZ, 
it was passed on in an angular or oblique direction, 
as shown by the line f g in the diagram, along the 
line of shaft, so that the claws towards the end e 
took it up and worked upon before they themselves 
were brought up to be in contact with the new soil, 
as at h in the diagram. By thus acting on the 
principle of ‘‘divide and conquer ” it was found that 
not only was the soil much better broken up, but 
the power required wiis much less than when the 
whole of the claws or tines were brought at once to 
operate upon the full length of the line or* face of 
new soil, as i j in the diagram. 

Examples of Oblique Motion. 

The same principle of oblique action is adopted with 
striking success in cutting machines. Thus, suppose 
a a, fig. 36, to be a thick mass made up of many 
sheets of paper, and this mass has to be divided across 
at a certain part, if the knife 6 6 is so actuated by 
mechanical arrangements that it is brought down to 
a a in the direction of arrows c, d — that is, at right 
angles to the face of a a — great power would be re- 


quired to force the knife h h through the mass of 
paper, and the severance would not be effected with 
what is called a ‘‘ clean cut.’* But if a double motion 
could be given to the knife, so that while it descended 
in the direction of arrows c, d^ it had a side or lateral 
motion in the direction of arrow f (see diagrams at 
^ ij)i then the “ cut ” would be a clean, that 
is, even, smooth-edged cut, while the powder required 
would be much less than with the former arrangement. 
The accurate principle of giving a cutting knife a 
motion which is a compound of two other motions 
which are different in direction (see paragraphs in 
“ The Boat and Ship Builder '* on motion derived from 
two forces) is based on the assumption that the cutting 
edge of a knife, however keenly sharp, is not a uniform 
line, but is, on the contmry, made up of a series of 
small sharp-edged wedges. A microscopic examina- 
tion of even the finest cutting edge of a surgical 


f‘- i 



Fig. nt). 

instrument shows the absolute accuracy of this 
assumption. A knife blade, as that used in a cutting 
mechanism, such an at a b c d in diagram, fig. 36, is 
in its cross section a wedge, the back edge being much 
thicker, as at n in the diagram, than at the cutting 
edge 0 , which Ls brought to the finest line possible. 
But if this were pressed down vertically, as in the 
direction of arrow /?, it would indent or press in a soft 
surface opposed to it, but it would only be by great 
pressure that it would cut or be forced through the 
mass or lx)dy. But as the edge is really made up of 
a series 6f infinitely small wedges, as at q to make 
these effective in operation the knife blade — which 
we thus see to be a double wedge — must have a lateral 
motion, as in the direction of arrow r, in combination 
with the vertical, asatjo. This dual motion is techni- 
caUv called the ‘‘ draw cut,” or draw ” motion. One 
m^nod of obtaining tins in the case of a cutting 
mechanism is shown in diagram, the knife k k being 
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gradually brought into contact with the mags of 
material, m, to be cut as it descends in the direction 
of arrow L This well-known cutting appliance is 
much more efficient than one with a vertical cut, am 

c d in fig. 36 ; but it would be still more efficient 
if, while the knife k k was descending and cutting 
through the mass the latter, or rather the table on 
which it rested, had a correspondingly regular move- 
ment in the direction of the arrow u u. 

Diagonal Movements in Mechanism. 

The value of diagonal or oblique positions is shown 
in mechanical arrangements in wliich the motion of 
fluids is concerned. Numerous illustrations of this 
are to be met with in practice, and several are given 
throughout the pages of this work. In fig. 37 we 
give two examples of it. In this a a shows a circular 
internal flue of a steam-engine boiler surrounded wdth 
water, through wdiich flue the heated air and gases 
from the furnace pass, as in the direction of the arrow 
b in diagi'am plan. For long, steam-engine boilers 
were as a rule so constructed that the water was 
contained in the vessel in a large mass. The idea 



here illustrated, of dividing or splitting up, eo to 
say, a large, heavy bulk of water to be heated into 
lighter masses and smaller bulks, has led to great 
improvements in boiler making and working. One 
of the earliest methods was that known as the Cornish 
boiler, in which one flue was placed internally, as at 
a a in the diagmm, which obviously gave a large 
heating surface in what may be called the very heart 
of the mass of water. It occurred to some one that 
the principle of division of the mass of w^ater and of 
increasing the heating surfaces with which that water 
came in contact might be productive of greater economy 
of heat, and consequently of fuel. This was at first 
proposed to be done in the case of the internally flued 
boiler, as at a, by connecting at intervals along the 
length of the flue its upper pai’t, c, with its lower, dy 
by vertical tubes, one of which is shown at e. This 
still further divided the mass of water, and gave 
smaller portions to be heated at a time and larger 
heating surfaces. The plan was found to be in great 
measure efficient ; but it was not till the happy idea 
occurred to some one to make the tubes conical, as at 


/ g — that is, with angular or oblique sides or exterioi 
surfaces — that the full efficiency of the system was 
secured. When this system was adapted to the 
internally flued boiler, one of the most efficient of 
all our boilers — the Lancashire, with “ Galloway 
tubes — was obtained j the conical tubes being so 
called from the name of the inventor, one of the 
firm of Me.ssrs. Galloway & Co., engineers, of Man- 
chester, who have done an enormous trade in the 
manufacrture of boilers on the principle here described. 
The student will perceive that the conditions and tlie 
phenomena of the water moving within the tube, and 
the heated air playing on its surface without, would 
be difTcrent if the tube were reversed — that is, the 
narrow end, g, at the top in place of being at the 
bottom, as in the diagram ; just as the phenomena 
would be different in the case of a tube through w Inch 
water was circulating and on the exterior of which 
heated air was impinging when that tube was placed 
vertically, as at /t, or obliquely, as at i. The ob- 
serving reader will have many opportunities of noticing 
how much tlie motion and the phenomena of motion 
alike of solid and of fluid bodies are modified and 
influenced by conditions connected with form and 
position ; and if to the points heobservas he gives that 
which makes observation valuable — thought — he will 
in his pmctice be able to adapt what he learns to a 
much wider range of circumstances in work than he 
would at first sight be disposed to believe possible. 

Circular Motion. -General Considerations. 

The change in the condition of bodies in bringing 
about a change in the character of the movements 
or motions which a given force imparts to it, is that 
which gives the power to the machinist to do a variety 
of work or to bring about certain eflects. And this 
principle, which affects more or less all mechaniciil 
armngements, is just as strikingly exemplified in the 
case of cylindrical bodies as in that of any other. 
Known perhaps more widely as rollers,” these bodit s 
play one of the most im]K)rtant parts in our industrial 
mechanism. Simple as a roller ” looks — so simple 
that to the popular mind it is scarcely considered as 
a mechanical body at all — its use in and adaptation to 
industrial w^ork as performed by the use of machinery, 
to the large, and in some cases the complete, ex- 
clusion of manual labour, save that only required to 
supply the material to the machine and keep it 
in operation, has completely revolutionised certain 
branches of trade. Without the use of the roller 
none of our textile manufactures, as carried on 
now almost exclusively by the use of machines, would 
occupy the position they do, producing textile fabrics 
literally by the mile in periods of time during which 
in the olden times hand labour could not have pro- 
duced many yards. And, simple as this element of 
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mechanism is, it may safely be said that it took 
centuries of human experience in the work of 
everyday life before that experience led man to 
the conception of the roller. Its principle, indeed, 
lies at the root of circular or “ curved-line ” motion, 
as opposed to or quite different in its character from 
that of straight, or what we call rectilineal or right- 
line*' motion. And how very long it was before 
the mind of man was able to grasp the conception of 
circular motion, his history gives us some fair idea* 
It may safely be said that it took many generations 
of working experience to enable man to comprehend 
the possibilities of circular motion as a potent help to 
him in the doing of his work, wherever that work 
was aided by what are now called mechanical con- 
trivances. This conception of circular motion, when 
once gra.sped by the mind of man, gave him a power 
which it took nevertheless long years to avail him- 
self of to any great practical and useful purposes, and 
which took still longer for it to enable him to have a 
right conoeption of its mechanical possibilities, carrying 
with it as it did one of the powers which have made 
modern mechanism what it is, — for without circular 
motion not a tithe of it would or could exist or do work. 
One is but too apt to overlook the vast importance of 
this principle simply because it is, or to put it cor- 
rectly, appears to be, a little thing, a trifle. So also 
in many other of the directions to which the youth- 
ful student in mechanism may give thought we shall 
find exemplifications of the value of little things. 
How many, for example, make and use that most 
familiar of all mechanical appliances, a “ screw bolt " 
with its accompanying nut ” ! Think of it, what 
it really is — a mechanical contrivance so simple, yet 
so powerfully effective, and adaptable to so infinitely 
wide a range of circumstances, that had it not been 
invented when it was mechanical progi-ess would have 
been retarded for an unknown period. Progress 
without it, indeed, was simply impossible; for this 
mechanical contrivance, so trifling, was indispens- 
able, and without it circular motion, with all its 
mechanical potentialities, would also have remained 
but a dream, another addition to the long list of philo- 
sophic toys or playthings. Detailed illustrations and 
descriptions of cmcular motion, what it can do and 
what it has done, are not here necessary ; this work, 
in every one of the wide range of machines and 
mechanism which it illustrates, gives in the aggregate 
an almost endless variety of illustrations of its value. 
Our object chiefly in this paragraph has been to 
point out to the youthful student how it took a long 
period in his history for man to grasp the conception 
of, and almost as long a period for him to work out 
into practical shape, so simple and trifling a thing as 
but too many conceive circular motion to be ; and from 
his direction given to the thought of the student on 


this point our aim has been, as it is our hope, that he 
will derive a lesson which he will find to be of 
essential value to him in his practice yet to come, 
4which if it be guided by careful thought given to 
every detail, however minute, to every part, however 
trifling it may to the common mind appear to be, 
will be certain to be a successful practice. We 
have elsewhere in this section pointed out to the 
student the value of the habit of “ observation,” — 
and engineering has been called the science of ob- 
serving,” — but if we were asked upon what depended 
the future of mechanical progress, we should un- 
hesitatingly reply the habit of thinking every subject 
or piece of work completely out, all round,” as the 
common expression goes. And this does not do away 
with or lessen in any way the value of the habit of 
observation — rather enforces this, for in truth ob- 
servation, to be worth anything, must be thoughtful 
observing, so that it cannot exist without the habit of 
thinking. 

As a rule, all bodies which have a circular motion, 
or what is called movement or motion round an axis 
or central point, are circular in form — that is, have 
their peripheries or bounding lines curved in the 
form of a circle the centre of which is in the centre of 
the axis of motion. A very little consideration of the 
general circumstances under which motion is acquired 
and required will show the i*eason for this, of which an 
endless series of examples are found in the practice. 
There are but few exceptions to this rule dictating the 
form or configuration of rotating bodies — the elliptical 
and the diagonal -square toothed wheels being the chief, 
and these being adopted in order to produce certain 
changes in motion of parts of machines. The most 
familiar illustration of a circular body is a grindstone, 
and as turned by manual labour it affords a good 
example of circular motion in which its phenomena 
are displayed, and a striking instance of what appears 
to be a very simple, but what is indeed so important 
an element in practical mechanism that its value 
cannot be overestimated. Reference is here specially 
made to the crank, or as it is usually termed the 
handle, by which the muscular force of the man 
working the grindstone communicates to its mass a 
motion of rotation, or causes it to revolve, or in 
common language to turn round. So very familiar 
have we become through long usage of this simple 
contrivance (and which, like all perfect — so called — 
contrivances, is the more valuable because of its sim- 
plicity), that we generally have ceased to recognise in it 
one of those inventions of man which have given him, 
so to say, a power which has positively revolutionised 
his material existence, inasmuch as it has enabled him 
to ^rform a vast variety of work — mechanical opera- 
tidro — which without it could not have been done at 
all. 
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THE CAKPEHTEE AND HIS TECHNICAL WOEE. 

Its Obigin and Eaely Work — The Principles and 
Details op its Practice. 


CHAPTER XV. 

At the end of last chapter (vol. iii. p. 154) we stated 
that it is practically very dillicult to make grooves with 
such precision that no spaces will be left between them. 
Yet it is evident that if the grooves are not firmly 
fastened together we shall not obtain the desired 
efifect. To obviate this difficulty we have recourse to 
keys or square trenails made of hard wood, driven 
firmly between tlie grooves, as wo have already seen 
illustrated in fig. 4, Plate XIX., and as shown in 
fig. 73. 

As the resistance of wood is much greater according 
to its lengtli, we have recourse to another kind of 
iron brfice, which consists in strengtliening the beam 
by means of two pieces, as a and h (fig. 78). These 



two pieces have the tendency to swerve or bend from 
the straight line in consequence of the weight which 
they bear, and consequently divert or change the 
pressure in the direction of tlie length of the beam c rtf, 
as shown by the arrows. The illu.stration shows two 
ways of joining the pieces a, h, to the beam c by means 
of one or more scarfs, as at the piece a. The i>\\o 
pieces butt at tlio upper ends, and are united by an 
iron hoop or band e, as shown. 

Fig. 79 is also composed of two pieces, a and h ; but. 









Fig. 7y. 


the^ are separated by a liorizontal piece, 4, to avoiu 
giving too great a height in the middle of the beam. 
I, p, are bands or hoops of iron binding the whole. 

In fig. 80 the upper part of the beam is cut in a 


1 ^ 
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Fig. 80. 

curve, so as to make the ends only two-thirds of the 
height of the middle ; then, upon this first piece is 
placed a second, which is bent by means of bands of 
iron, n, in such a way as to make all the parts of 
the beam join exactly. This arrangement very nearly 
doubles the strength of the piece. 


In another method of building beams the two pieces 
have grooves cut across their faces into which keys 
are driven, and the whole secured by iron hoops. In 
fig. 81 we illustrate a method of forming an exceed- 
ingly strong beam out of thin planks or deals. It is 
generally employed in the formation of curved rafters 
for roofs of large span ; the planks are placed in contact 
with each other, as shown at a h cd ej\ in fig. 81, and 
care must be taken that they break joint ” — tliat is, 
that the joint of any two contiguou.s piece.s, as the 
joint 7)1, shall butt against or be placed at the solid 
parts, as n and p, of the pieces o o and q q. This 
may be taken as a section on a larger scale of 
assemblage in figure above on the line g h. The 
diagram then further illustrates the system of 
“ breaking joint’' ; the joints k and / butting against 
the solid pai'ts of the central piece When we come 
to the consideration of roof framing we shall further 
illustrate the methods employed of forming built 
beams for the curved i-afters of roofs of large span — 
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proceeding now to the consideration of the second 
method of strengthening beams by the employment 
of the principle of “ trussing.” Some of the method.s 
of scarfing of beams already illustrated may be taken 
as examples of built beams. 

Framing.— Beams in Framework. 

When a beam of any length, jls a tt, fig. 82, is 
placed to cross or span a void space, as betw een two 
walls, b h, a weight acting at c, or distributed along 
its whole surface, or even the "weight of the beam 
itself, gives the beam a tendency to fall down in the 
centre, as shown at f g in the lieam e f g. If the 
weight acts entirely at the centre, as in the dii’ection 
of the arrow d, the tendency of the lieam to bend is 
at its greatest. Hence, in all framing the object of 
the designer is to distribute the weight over the whole 
beam as uniformly as possible. Thus weighted, so to 
say, a beam can support or carry a much heavier 
weight than when loaded at the centre. How much 
and in what way pressures act upon beams, and how 
they are calculated, will be fully discussed when w© 
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come to consider the principles of framing. The 
bending of a beam is technically called its deflection.” 
As wo have said, all beams have a tendency to deflect ; 
and of course the more carefully calculated and con- 
structed, the less will be the amount of deflection. 
To provide for the deflection, beams when of wrought 
iron or steel are made purposely with a bend in the 
opposite direction, as in the diagram i i] so that when 
placed hi situ, and the pressure brought to bear on its 
upper surface, as in the direction of the arrow h, 
the deflection brings the beam do^vui to its proper 
level line, as i i. The amount of opposite flexure 
or curvature given to a l»eam thus is called its 
camber.” 

The two principal strains to which materials are 
exposed in all framework are tensile and transverse 
or cross strains or pressures. A tensile strain has 
a tendency in a timber beam to tear its fibres apart 
in the direction of the length of the beam ; a trans- 
verse or cross stiain or piessuie has a tendency to 
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break it across in the direction of its breadth. A 
tensile strain may be popularly described as a pulling, 
a cross or transverse as a pushing strain. The strain 
known as that of “ compression ” is that which tends 
to squeeze or force the fibres together, and may 
so disturb them as to cause a beam, as a vertical 
column of timber, to bulge out at one part, and thus 
be broken. A beam placed under such circumstances, 
Bsa a b b c, fig. 82, with a “ distributed ” load at upper 
side, or a single pressure acting at centre c, is placed 
under two distinct strains under the deflection. Thus 
let h in fig. 82 represent the central part of the 
beam a a, deflected by a heavy weight or pressure 
at c in upper diogiton ; this deflection, shown in an 
exaggerated manner, gives a concavity to the upper 
side and a convexity to the lower. Under those 
circumstances the fibres on the top side are placed 
under compression, tending to force or (to use the 
popular term) squeeze them together in the direction 
of the anows />, p, towards the centre. On the under 


or convex side, q, of the beam, the fibres are, on 
the contrary, pXxlled or extended outwards, as in the 
direction of the arrows r, r, from the centre q. The 
fibres are here thus put under a tensile strain. The 
combination of the two strains — that of compression 
(known also as “ compressile ” or ‘‘ crushing ”) at the 
top surface, p p, and of tension (“ tensile ” strain) at 
bottom, r r — if carried far enough, will break the beam. 
The youthful reader is recommended to take a thin 
strip of wood and bend it round : he will, by carefully 
examining the effect of the strain or pressure thus 
put on it, have a fair idea of how the two strains act. 
The effects we have just described are precisely of 
the opposite character in a beam deflected or bent 
in the opposite direction, as at A; / in fig. 94. The 
fibres on lower side are those which are under com- 
pression ; those of the upper under tension. Beams 
of timber are better calculated to resist strains of 
compression than of tension ; and the ‘‘ trussing ” 
of beams, as this work is called, has for its principal 
object the providing against the tensile strain to 
W’hich it may be subjected. 

Framing.— Strengthening of Beams. 

If the reader will remember what we have said as 
to the tendency of all loaded beams to deflect or bend 
downwards in their centre — a result also of beams of 
considerable length, the weight of the materials alone 
acting at a distance from the supports — and what are 
the results of these strains upon the fibres of the 
wood, lie will see how one method adopted in some 
cases of strengthening a beam by enabling it to resist 
the strains brought into existence in a deflected beam, 
or calculated to increase the deflection, meets the 
necessities of the case. The method consists in cutting 
out grooves in tho upper side of the beam, and filling 
them in with wedges or keys of a very hard wood, 
as at g g, fig. 1, Plato CLIII. The effect of this 
arrangement is illustrated in tlie upper diagram in 
tho figure. If a triangular-shaped groove, a, is cut 
out across the face of a beam, b b, before it is placed 
in position, when so placed the pressure put upon 
it causes deflection ; and from what has been said in 
connection with diagram p p q, in fig. 82, the groove 
a, in fig, 1, Plate CLIII,, will be closed either partially 
or wholly according to the degree of pressure, this 
acting in the direction of the arrows c, c. But by 
driving in a wedge of hard wood, as at d, the pressures 
still acting in the direction of the arrows e,/f will be 
resisted ; and the harder the wood of and the more 
the pressure of e / resisted, the less tendency will 
there be in the beam to deflect, as at/ or in fig. 82 ; 
and thus the tendency of the pressure to put the 
fibres of the under side, as q, under the strain of 
tensiq^ will be prevented at the point where their 
Botion is greatest — and which strain of tension we 
have seen that timber is least calculated to resist. 
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Of all materials used :n construction, wrought iron 
is the best calculated to resist tension or tensile 
strains, cast iron to resist compressive or crushing 
forces. These two materials, therefore, we find, have 
been largely used in the trussing of beams. Thus the 
wedge df or the keys or filling-in pieces g of hard 
wood in fig. 1, Plate CLIII., are, as we have seen, 
put under a strain of compression or crushing ; but 
by substituting for wood cast iron, we obtain a 
material much bettor fitted to resist compression than 
oak or other hard wood employed in construction. 
If cast iron be used, it is tlio best way to employ it as 
a plate let into a recess cut in the upper side of the 
beam near its centre. This is partly seen at h in the 
beam ii, fig. 1, Plate CLIII. Fig. 6, Plate CLIII., 
illustmtes methods of securing the cast-iron plate 
used as at h in fig. 1, Plato CLIII. This may be done 
either by bolts and nuts, as at qq^ rs, sliown in detail 
in section at f g hi\ or, to obviate sucii w cakening 
of the beam as bolt-holes might cause, the plate may 
be secured to tlie beam by bands or lioops of wTought 
iron, as ahe d — in side elevation at e c— and shrunk 
on ” while hot ; or the hoop may be made in split hoop, 
as at k ky brought together when passed over the 
beam, and secured by the small binding bolt and nut 
m 1. To secure the full effc?ct of the cast-iron [date, 
it should bo let into the upper side of beam, as at q q 
— not merely laid on the surface, as at ii n — as the 
strain in this case is brouglit chiefly on the bolts or 
hoops ,• whereas by tlic method shown at q q 7* s the 
strain is brought chiefly upon the beam in the direc- 
tion in wliich it is strongest, and partly only upon 
tho bolts or hoops. 

Some years ago the Society of Arts awarded a prize 
to a Mr. Smart for an improved method of strengthen- 
ing a beam on the principle of compression, as illus- 
trated at d in fig. 1, Plate CLIII. In the beam a a, 
fig. 3, Plate CLIII., a narrow part is cut out, or a 
thick saw draught is made, as at h by and near the end 
of the beam a triangular or wedge-shaped part, as c, 
is cut out, to a certain depth across tlie upper fiice or 
edge of tho beam. This is done at both ends; and 
the part h extends along nearly tho whole length, 
stopping short at some distance from the parts cut 
out, as at c. The beam is thus partly divided into two 
in the direction of its width or thickness. In the 
centre of the upper part d a piece is cut out. This is 
of width sufficient to admit a hard-wood w^odge of tho 
form as shown in section at a, in fig. 2, Plate CLIII., 
or it may be made of cast iron. Before this is inserted, 
the upper parts, as <f, fig. 3, same Plate, are lifted 
up. This can be done without breaking them off from 
the lower part, as a a, inasmuch as the open grooves 
at c close from the compression of the fibres in the 
direction of the arrow /. When fully lifted tho parts 
cut out at 0 close up, with the block a, fig. 2, Plate 


CLIII., inserted. This makes the beam assume the 
form shown in the figure, the upper part, b b, being 
separated from lower, c c, by the triangular opening 
d d. We look upon this principle of strengthening 
beams as capable of being adopted with useful effect 
in a wide variety of work. A modification of the 
method illustrated in fig. 1, Plate CLIII., at dy is 
shown in fig. 4, same Plate. In this a saw draught 
is cut out across the upper face of the beam, and it 
is then bent upw^ards till the saw draught opens, 
assuming the form of a triangular opening. Into this 
the block of hard wood or of cast iron, a, is inserted, 
when the pressure keeps this tight. By this arrange- 
ment a small beam may be made capable of bearing 
a much greater weight than it would do in its 
original form. So also is this the cfise when tlie 
beaui is treated as in fig. 5, Plato CLIII. In this 
the saw draught or piece cut out, as at ^ in fig. 2, 
Plate CLIII., extends to very nearly the ends of the 
beam, and is there strengthened by iron hoops, as at 
a. The two parts, as b by a a, are then opened and 
extended, and two wcdge-sliaped blocks, as at d <?, but 
in reversed position, are inserted. This is a modifi- 
cation of the method illustrated in fig. 2, Plato CLIII. 

We have just said that wrought iron is admirably 
fitted to resist tensile or pulling strains, and that ad- 
vantage is taken of it in ti ussing beams to strengthen 
them. The simplest way is to secure a plate of 
wrought iron, as J, fig. 1, Plate CLIII., to tl<o under 
side of tlie beam A* ; but, althougli this is a position 
well fitted to resist those tensile strains at the under 
side of the beam to which all beams are more or less 
subjected — even a beam supporting, as we have seen, 
only its own weight — yet this method has obviously 
its inconveniences, and another is preferred in 
practice. This is illustrated in fig. 7, Plate CLIII., 
and whicli represents in diagram what is called a 
‘Mlitched or “sandwich” beam. The derivation of 
these names, especially the latter, is obvious enough, 
as they indicate tliat a jdate of wrought iron is placed 
between two wood or timber beams, and the whole 
bolted together. The top diagram illustrates tho 
whole beam, a by as thus Hitched in elevation ; tho 
centre diagram one of tho beams — the ofl* one, c d 
— with the wrought-iron plato shown in lines. The 
low^or diagram is a plan of top as looking dow n upon 
the whole beam, e f being the ofl’ beam, g h the near 
one, with the plate of wrought iron between them. 
In fig. 1, Plato XCVI., the upper diagrams show in 
' detail the metliod of Hitching a beam, i and j being 
the two betims at the end, with the “ sandwich ” or 
“ flitch ” of wu ought-iron plate, /c, secured by the bolt 
and nut at I m pissing through the whole. Bolts 
and nuts are in this case passed tln*ough the central 
part of the beams and flitch, m sX n a p qy not merely 
at the ends, as in a and 6, fig. 7, Plate CLIII. 
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THE WOEKMAH AS A TECHHICAL STUDEHT. 

How TO Study and What to Study. 

CHAPTER XTT. 

Good Memory— Value to the Teohnioal Student— Can he 
cultivated. 

As with the habit of cultivating the faculty of obser- 
vation, referred to at end of preceding chapter, so also 
with the cultivation of the memory. The value of 
a good one c^innot be overestimated ; it is to all men 
priceless, specially so to the technical man. A gift so 
gracious in its results is, therefore, worth having ; and, 
like other gifts and graces, it c^an be cultivated. Notliing 
but weeds will gi*ow — at least, flourish — in a neglected 
soil ; you cannot expect to gain from this a harvest 
of usehil produce, which “ gives seed to the sower and 
bread to the eater,” till you put the seed in, and care- 
fully tend the plants which spring from it. So with 
the memory : it can be cultivated ; and the facts of 
observation may be likened to the seeds of the good crop. 
You have the soil — the memory ; it rests with you 
whether you allow it to produce weeds only, or corn. 
But as there are bad and good soils, — for all soils are 
not alike, — so there are good and bad memories. But 
as the bad soil can be nuido good by cai*o, so also the 
memory. And the student will do well to give no 
credence to the statement that this cannot be done, 
any more than to the assertion that a soil cannot be 
so improved that it will bear flowers and fruit where 
it now produces but grass and the rankest of weeds 
— a fact of which your common sense tells you the 
truth. And you have much encouragement given 
you in this effort at cultivation of those habits essen- 
tial to succeas in life. No bettor illustration of what 
may be done by patient care can be given, than is seen 
in the treatment nowadays of the deaf and dumb, or, 
more properly speaking, the deaf mutes — that is, 
those who do not speak, being dumb, not because 
they cannot speak, but simply because they cannot 
hear. They have the organs of speech — that is, they 
can give forth the sounds which form words; only 
they have never heard, and never can hear tliese 
words as uttered by those who can both hear and 
speak. Yet, by a process or system of teaching, it 
may, and no doubt will, surprise some of our readers 
to learn that ‘‘deaf mutes, as they are called, can 
now be made to speak.” The deUiils of this system 
are exceedingly curious, and afford a striking evidence 
of what man can do, if only he wills it, in amelio- 
rating the sad condition of many of his fellow-men. 
These details are out of place here ; and we only 
refer to the system by way of illustration of the fact 
that if so much can be done by patient care, no less 
than by skill, in a case where we might reasonably 
enough, arguing from the circumstances of deaf 


mutes, as they exist, decide that little, indeed 
nothing, could be done, sui-ely a good deal can be 
done in improving habits and faculties in students 
and workmen which exist, although not of a high 
order. They can be made higher — that is, of greater 
practical value — by cultivation.; and we maintain that 
in the interests of society, assuredly in their own 
interests, this cultivation is a duty. When we make 
greater progress in technical education we shall And 
that amongst technical workmen it will, as a rule, 
be esteemed to be a privilege. 

All those, and such-like considerations which may 
yet be preseixled to the reader, must not be looked 
upon by him as if they did not concern Idm. It is 
impossible to overrate their im|X)rtance, for on them 
and their application depends the fact of their techni- 
cal education being carried out and completed in a 
way practically valuable. We use the term completed 
here, but only in its true and limited sense ; for the 
truth is, that no man's education is ever fully com- 
pleted. He is always learning, but it may with all 
safety be said that the aptest and the most willing 
pupils in the school of daily life and experience are 
those wlio, from the eminence of their pv>sition and 
the extent of their knowledge, might be supposed 
neither to require anything further in the way of, 
nor to feel the necessity for it. So true is it that 
it is only the ignorant who claim to know so much. 
So true also the paiadox afforded by the statement of 
the philosopher, who, being congratulate! upon know- 
ing so much, replied that the more he know, the more 
he knew how little in reality he did know. 

The Technical Student in Belation to his Moral Faculties. 

In the preceding paragraphs much has been given 
on the subject of the “ how ” to study, in whicli we 
have endeavoured to show that the question or pro- 
blem of technical education is to be solved mainly by 
the student himself, and this on the supposition that 
he formed one of a “ class ” or school under the 
guidance of a competent teacher. For the teacher, 
however able, can only give of what he has himself 
acquired, what the pupil or student is willing or, 
as it may be, able to receive. A small vessel cannot 
possibly receive and contain the same contents as a 
large one ; it can only receive up to the full measure 
of its cubical capacity. Yet both may be full, the small 
as well as the large. But the filling, so to say, in 
this case of education, depends, as we have said, 
greatly upon the student himself. No doubt, the 
teacher can aid him very much by educing or leading 
out his faculties or capabilities of learning, and by 
cultivating greatly increase them. A foreseeing teacher, 
and one well acquainted with human nature, will, 
indee^ by study of his pupil, be able to decide as 
to wnat ‘‘ manner of man he is ” — t.e., of what- he is 
capable in the way of the work of study; and he 
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may now and then point out powers hitherto latent, 
and this with all the stai’tling effect of an unex- 
pected dif^covery. And it will indeed only be that we 
shall find technical education take that great stride 
forward, for which every one is so earnestly looking, 
when teachers exercise their knowlexige of human 
nature by which they will be enabled to take ad- 
vantage of all the capacities and capabilities of their 
students, treating and using them as whole men, so 
to say ; not attempting only, as is so often attempted 
now, to got work done by half tools only in place of 
complete ones. What we have already said on this 
point should, however, have made it very cleai-, and 
shown, or at least tended to show, what we have 
maintained to l>e the indubitably correct position — 
namely, that education will not be made complete, 
never rapidly — assuredly not certainly — secured, unless 
all the influences which go to make up the “man” 
are made available in its work. And the sooner the 
notion is got rid of the better, that some of those 
influences — among which range what some are pleased 
to designate as moral faculties, and only such — are 
therefore of no account in intellectual work and 
training, so also the sooner many of the difficulties 
at present attendant upon the carrying out of tech- 
nical education, or rather, as they may be called, the 
attempts made to secure it, will vanish, or greatly so. 
Call them what you will, moral faculties or by any 
other name, the fact remains that they exist in every 
man in a more or less fully developed state ; and 
existing, they exercise, whether we like it or not, a 
powerful influence upon what the man can or will 
do in any work he undertakes. And seeing this, it 
is but the purest folly to ignore these influences, and 
while still admitting that they exist, refuse to avail 
oneself of them. If by appealing to, and bringing 
into action, some of those so-called moral faculties, 
I can get my pupil to become all the more earnest 
and anxious conscientiously to do his best in ac- 
quiring knowdedge, am I to be debarred from availing 
myself of this power by some fine wire-drawn con- 
siderations, so to call them, that such a power 
comes only within the domain of the moralist, or 
say the preacher, and not within that of the teacher ? 
What, may it be asked, is teaching wliich is de- 
signed to raise the status of a man but placing 
him under a moral power? What little we do in 
teaching is done simply in virtue of what power it 
possesses as a mental agency ; without it, teaching 
would do nothing. As this all too popular notion, 
that the teacher has nothing to do with what are called 
the moral faculties, is a bugbear, as it assuredly is, 
standing much in the way of progress, why should it 
not be got rid of at once ? If it would please some 
tender minds, cease to call them moral; consider 
them only as purely intellectual faculties, or say as 


powers, no matter what they may be called, which 
can be made highly useful in the work of technical 
education. 

The Beiultf of Instruction largely dependent upon the 
Student himself when under the Guidance of a Teacher; 
wholly dependent when he is goiug through a Course of 
Self-Education. 

But if thus education is, as we have shown, and as 
we sliall yet more fully see, mainly dependent upon 
the student, even when he is under the guidance of 
an able teacher, obviously he is wholly dependent 
upon himself when ho is a self-taught student. Here, 
having only books and what he picks up through the 
agency of observation or intercourse with educated 
men to refer to, everything depends upon the way he 
avails himself of these sources of knowledge. And 
it is abundantly clear that his progress vdll be de- 
pendent upon, and influenced by, what discipline he 
puts himself under. To help him in deciding upon 
the points of this discipline, and how, after deciding 
upon these, he can bast carry it out, we proceed to 
give the following remarks. And they will also be 
more or less applicable to his course of study, should 
that be carried out under the guidance of a competent 
teacher. 

Many of the Pointa connected with the *<How” mixed up 
with the Consideration of those relating to the What*' 
to Study. 

We have said that we have already given much 
upon the “ how ” to study in this same point of dis- 
cipline ; and tvhat yet remains to bo said upon it tvill 
best be given in considering the “ what” to study, to 
which, therefore, we proceed. And here we must 
note, by way of a saving clause, that we cannot 
possibly find space sufficiently wide to embrace all 
the subjects of study which concern the various 
branches of technical >vork. To treat the subject so 
comprehensively as this would obviously require so 
much space as would seriously interfere with that 
which is as clearly demanded in other interests as 
important in their respective degrees as this. Hence 
this exhaustive treatment is not here required at 
our hands; we shall meet, and we trust efficiently 
so, the necessities of the case, if we take some of 
the leading subjects of technical education, and point 
out some of the peculiarities as affecting their study 
and ready acquirement by the learner. Much, indeed, 
that wo have to say comes under the head of “ how 
to study,” on which we have already said some- 
what. It is in one sense not an ea.sy thing to separate 
the “'how” from the “what” to study*; and after 
having given remarks in the preceding paragraphs 
on what may be called the leading features of the 
question of the “how,” it will be found that a 
goodly number of its details are mixed up, so to 
say, with the subject of the “what” to study — so 
dependent upon each other are the two departments. 
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TEE BEICKLATER OR BRICXSETTER. 

I'HE Peinciplbs and Pkactical Details of his Work. 

CHAFPER XIV. 

Resuming our description of diagonal brickwork, we 
take notice that it is in the second and third 
courses that the diagonal bricks are used, the one course 
lying at one, the next course at another angle*; the 



Piff. 39. 

fourtJi course being a repetition of the first as i*egards 
tho bricks in number, but reversed in position : if a 
row of stretchers bo used along with three rows of 
headers — tliat is, if the first course has the stretcher in 
the front face of wall — in the fourth course these wdll 
be placed at the back. Fig. 39 illustrates in diagram 
fashion a course of two rows of biicks diagonally set. 
All these changes in position in this chiss of brick- 
laying, as in all other classes, is to sficure what is the 
aim of every good bricklayer — as perfect a bond ” as 
possible. 

When two rows of diagonally placed bricks are 
used in the same course of a wall, the bricks in each 
row are so arranged that the two rows lie in opposite 
directions. This class of bond is that known as 

herring-bone ” bond. The diagram in fig. 39 ilhis- 
tmtes the way in which the two rows are placed at 



opposite angles — a a, for example, laying from left to 
right, h h from right to left. The angle, as in diagonal 
work, varies according to circumstances, and ** bats 
are in some instances necessary to make the rows 
complete. The arrangement of the two rows in the 


figure is symmetrical or regular, but an arrangement 
of what may be called irregular herring-bone bond 
is shown in fig. 40 : in this bats or half-bricks ore 
used to make up the bond. 

There are other varieties of bonds in use in con- 
nection with solid or ordinary walls ; a veiy common 
form is that known as ‘‘ garden wall bond.” This is 
illustrated in fig. 41, showing that ejich course is the 
same as the one above and below it, and each course 
is made of the same arrangement of bricks — namely, 
three sti-etchers, as a a', h c c, and one header, as 
d d!, this being carried on throughout the course. 
Fig. 42 shows two methods of starting and finishing 
the coui*ses at the ends of the wall. In diagram a the 
fii‘st course is begun with a ‘‘ header a and a closer 
h ; the second begins with a “ stretcher ” c, next a 
‘‘ header ” d ; then follows the regular arrangement, 
tliree stretchers and a header, and so on. In diagram b 
the first course begins with the three stretchers c, /, 
and gr, the next being a header. The second course 
begins with a ‘^closer,^^ //, then follow on three 



stretchers and a header, and so on to the end of the 
course, the last brick in which is a “ closer,” as at /i. 

So far as the face or the look of a wall built in 
diffQrent kinds of bonds is concerned, one bond may 
be taken to bo as good as another. The general 
public, at all events, form no conception of what the 
peculiarity of the bond is — if indeed, as is more than 
probable is the true state of the case with a vast 
majority, they have any idea that there is more than 
one kind of brick -setting. Even as regards the 
usually adopted bonds, the ‘‘ Flemish ” and the “ Old 
English,” it takes some practice to enable students 
to tell at once whether a wall is built in the one 
bond or the other; and “experts” only can tell at 
the first glance whether neither the one nor the other 
is used, but some other variety. We might, if space 
permitted, give illustrations of not a few other varie- 
ties than those we have given, but our object will be 
served if to those we add the bond illustrated in 
fig^3, in which the wall begun in “ Old English ” 
bond in the first two courses, as a a, & 6, has four 
courses of stretchers, as c c, c? e «, / /, the next two 
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courses being repetitions of the first two, a a and h h, 
these followed by four more rows of stretchers, and 
so on till the desired height is reached. If we suppose 



the first course in fig. 43 to be a row of headers, and 
the next five courses all stretchers, as c c, etc., we have 
a species of bond much used by bricklayers in the 
North. 



Brick Arches. 

The last department of bricklaying wo shall illus- 
trate in ordinary or plain work, before tfiking up the 
subject of ornamental brickwork, is arches.” In the 
papers entitled ‘‘ The Stone Mason ” the reader will 
find the general subject of arches explained. In mason 
work the stones of the arches are cut into certain forms 



Fig. 44. 

dictated by the kind or class of arch; the different stones 
having each a separate place to fill and a distinct office 
to perform, and being designated accordingly. In brick- 
work, as all the pieces are of the same and uniform snse, 
thq^ may be and are used indiscriminately, so far as 


the individual pieces are concerned, so that there is no 
distinctive name given to any one piece in the collection 
used by which to form the arch. It is therefore only 



the shape or section of the arch, and the way in which 
the bricks are individually set in relation to that form, 
which gives the distinctive character to the arch and 
the name by which it is distinguished from some 
other form. The forms of the arclies and the names 
by which they are known are illustrated in the 
following figures. In fig. 44 wo illustrate what is 
called a “ flat arch,” sometimes a “ stiuight ” arch, and 
in fig. 45 a “ camber ” arch. This has some of the 
elements of a true arch, as tlie lower edge or line h c, 
or what may be called the “ intrados ” (see ** The Stone 
Mason ”), has a slight curve ; but as the centre of this 
curve ifl very distant from the intiudos or curve line, 



Fig. 45. 

the bricks are so disposed that tliey all converge to a 
series of points nearer the line b c than its true centre. 
This in practice causes all the bricks to be of different 
shapes. To get those shapes the bricks are cut or 
rubbed down. The flat or straight arch illustrated in 
fig. 44 possesses none of the features of a true arch — 
unless, indeed, it may be in the fact that the bricks 
are so disposed as to make the whole act as wedges, 
any superincumbent pressure acting upon them tending 
to force them down to the side or retaining walls of 
the opening spanned by the flat arch. 
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THE COTTAGE AHl) THE VILLA GABDEHEB. 

Thb Leading Principles and Practice op the Art 

CHAPTER HI. 

Cultivation of Herbs in the Cottage Garden (^continued). 
We concluricd last chapter (vol, i. p. 315) by oflfering 
some remarks on the cultivation of herbs, or “ pot 
lierbs as they are generally called. In addition to their 
value in cooking, we may add another reason for this : 
that in many districts, whei'e the cottage is situated 
near to or within reasonable distance of large towns or 
villages, the labourer may realise a few shillings by their 
sale ; for their use, at least that of many of them, is 
rapidly increasing amongst the better classes in Scot- 
land. In England it will bo seen, from what we have 
said, that there is no lack of demand for this kind 
of garden produce. The supply in every season 
and district is frequently, indeed, unable to meet the 
demand. The cultivation of herbs is a matter of 
extreme simplicity ; and one great advantage they 
possess is this, — that a plant w^hich is worth a good 
deal in the season may be put down in any odd corner 
or piece of ground, which could not be otherwise 
occupied by another crop. Of course, the better the 
soil the greater the produce, and it will take very 
little time to dig and manure a plot a few inches 
square. As a rule, herbs are by no means particular 
as to the soil or aspect in which they grow. The 
only point to be attended to is that the plants, or 
plots of plants, should be kept separate from one 
one another. This, however, in place of being a dis- 
advantage, is the reverse, as it obviously favotirs the 
economical plan already notic^ed of cultivating them 
in any odd comer of the garden, as comers or 
unoccupied spaces will be found at different parts of 
it. Of course a thoroughly wet soil should be avoided, 
except in case of mint, w^hich is a water-side plant, 
and w^hich will do with a large amount of wet or 
watering. 

Herbs are raised either from seeds, or by slips or 
cuttings. Mint, for example, is cultivated by slips. 
There are several varieties grown, but that most in 
demand for mint sauce and the like is known as spear 
mint. The cuttings should have a small portion of root 
attached, as they will take more quickly to the soil ; 
but mint, for example, is so easily grown, that it may 
be raised from moderate-sized slips without a root. It 
may be planted at any time save during frosty weather; 
but the l^st period is the early spring. It grows with 
great rapidity, and soon spreads over a wide surface 
of ground, so that a smallish plot soon becomes to the 
cottager worth a goodly number of pence, as a penny 
or twopence will in many districts be got readily for a 
very small bunch of it. Mint is all the better for 


being occasionally divided and thinned out; and in 
many cases a trifle will be got for cuttings, or they 
for ^se in the household. They need and 
should not be thrown away, as they are far from being 
useless. Tims a few slips mabe tied up in a bunchy 
and a number of bunches hung up near the fire and 
dried; or the drying may be done better and mora 
quickly by spreading the cuttings loosely on a tray, 
placed at a moderate distance from the fire. When 
dried and rubbed between the hands, a coarse powder 
is produced, which, if placed in bottles securely corked, 
will keep for any length of time in a dry place, and 
may be used for fiavouring dishes, or even for making 
excellent mint sauce, at times when the fresh plant is 
not easily obtainable. The siime plan may be adopted 
in the case of other herbs, such as sage, sweet marjo- 
ram, siivory, thyme, and indeed nearly all the varieties 
grown for seasoning and medicinal purpo.ses ; and for 
the whole of them nearly there is a gi*eat demand for 
the dried bunches and the powder amongst herbalists, 
of whom nearly every town and village has one or more. 
There is also a demand in hotels and large establish- 
ments, and we have little doubt amongst families also ; 
so that we believe the industrious cottager and his 
family might add by this means a trifle to their 
income, and being industrious they will not despise 
any trifle, however small. We have thus pointed out 
one or two directions in which even so trifling a 
department as that of lierbs may be made the moans 
of adding to the health, comfort, and economical 
rasources of tlie cottage. 

Cultivation of tho Ordinary Vegetables of the Kitoben Garden. 

Of the ordinary vegetables, fJie cottager, as in tho 
case of herbs, should aim at liaving as wide a variety 
as possible; not only because changes of food aio 
desirable, so far as mere taste is concerned, bub 
because the chances are, should disease attack one 
variety it will not attack all, so that he Avill have 
something to fall back upon, which would not be the 
case if^he grew only one or two kinds. But to these 
points we have already made special reference, so we 
pass on to consider some special crops which could 
be added to cottage gardens with great advantage, 
where as at prasent the crops only grown are those 
one or tw^o such as form the sole produce of many 
gardens, as potatoes and cabbages. An excellent 
root, not grown so largely as it deserves to be, is the 
parmip. One advantage which this root possesses, 
independent of its value for the table, is its hardiness 
and adaptability to almost any kind of soil; and 
although, like all other vegetables which are uii^er 
careful cultivation, it will abundantly repay any care 
given to it, still a good crop can be raised with very 
little ^bour, either in the way of manure added to 
the 1^, or its after cultivation. It also possesses the 
capability of standing almost any degree of frost ; so 
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that it can be allowed to stand out all the winter, 
l)eing taken up as required. Another root making a 
^ery nice addition to the table vegetables ia the beet- 
root Care should be taken to have the seed of this 
true, for many beets are grown which are nearly half 
“ mangolds,*^ whitish in colour and earthy in flavour 
when cooked ; whereas the true beet is a rich or 
crimson red, and the flavour deliciously sweet. It 
may be boiled and eaten as a carrot, or when boiled 
allowed to get cold, and cut into thin slices, over which 
vinegar is poured ; it makes a nice relish to any dish 
of meat. In boiling care should l>o taken not to 
puncture it with a folk, or otherwise break the skin, 
as it will bleed and part with its juices to the water. 
Cabbages, we need not say, should alw^ays form one 
of the main crops of the garden. When the spring 
cabbages are ready for cutting some pull up the stalks 
at the same time. This is right enough if the ground 
is immediately dug and planted or sown for another 
crop, but if not it is simply waste. For if the stalks 
are allowed to remain in the ground, a succession, till 
the next season, of what may be called harvests 
of delicious sprouts, may be had for many months. 
Tliese sprouts are as delicious as Brussels sprouts 
are in their 'way. Bed cabbages should always be 
grown — not many, but a few, according to the size 
of the family. It is a mistake to suppose that they 
are only used for making pickles ; cut up raw^ and 'with 
vinegar they form an excellent salad, or an addition 
to a salad. Unless beans (the broad Windsor) be 
disliked by the family, they should alw^ays form part 
of the crop of the cottage garden. Of all tlie table 
vegetables they are possibly the most nutritious. 
Their flavour, however, is generally spoilt or much 
deteriorated by allowing them to grow too long ; tliey 
should be pulled w^hen quite soft and juicy. The 
Germans make a delicious dish of early beans, and 
when they are very young they are as sweet as green 
peas. Peas are favourites with all. In sowing lK)th 
beans and peas a great mistake made is putting in the 
seed far too thickly. It should always be remembered 
that plants to thrive well and yield largely require 
ample supplies of light and air, and in addition the soil 
near and around the roots should bestiri'ed as frequently 
as possible, in order to allow what are called the ‘‘atmos- 
pheric influences,” as air, and rain, and the warmth of 
the sun, to penetrate into the soil, to add as they do 
certain constituents, and to set others free which are 
present in the soil, which are all so much food to the 
plants. Now, these great advantages, so sadly over- 
looked, cannot be obtained w’here seed is sown too 
thickly ; it is obvious, too, that less seed will be required, 
and although this may not be a great mattei*, still the 
adage should never be forgotten by the cottager, “a 
penny saved is a penny gained.” The same attention 
to economy in every department should be given, so 
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that when ailded togetlier the whole saving effected 
will represent a sum worthy of notice. 

Cnltivation of Extra Cropo which bring Good or Fancy" 
Pricec. 

While the cottage gardener devotes his attention 
chiefly to ordinary vegetables, he may have time to 
give some of it to the care of one or more branches 
of what may lie called extra work ; and these, w^hile 
acting in a large measure as an amusement, and in 
its interest a counter-attraction to the beershop, will 
at the same time yield him no small profit ; helping 
to make up a little purse very acceptable in tlie hard 
times of winter. Ho will gain the largest profits, of 
course, if be can devote himself to tlie cultivation of 
one, or at the most tw’o things, w hich, being luxuries, 
and in demand by the w^ell-to-do, feich what may be 
called “ fancy prices.” The bent of his inclination or 
taste will decide him as to what bmneh he will devote 
himself to ; it may be fruit, or flowers, or sometliing 
special, such as mushrooms or jisparagus ; or, if his 
garden be well sheltered and tlie soil good, very 
early jiotatoes or peas. For fruit there is always a 
demand ; and of this, black, I'fjd, and wliite currunts 
will perhaps yield him the largest profit.s, supposing 
he has comparatively little time on his hands. We 
have known a family of two grow’n-up people kept 
for a long period of the summer largely on the 
produce of a few rows of currant trees, some red, 
others black — and these not very long rows either. 
Of course, the most w\*is done to make them productive, 
but this requiiod no great skill, simply close attention 
and a little labour ; the last consisting chiefly in the 
application of liquid manure, obtained from a very 
small brick tank in the garden, and the application 
every day of all the household liquid refuse. Black 
currants can scarcely have too much liquid manure; the 
largest and finest we ever saw of this fruit being from 
ti'ces growing out of the side of a mill dam — the trees 
having sent their rootlets to the rich mud at the 
bottom. 

If the cottager can “ knock up ” a small glin5s-h0u.se 
against the w^all of his house at w hich the fircphice is 
situated, if the a.spect of that be favouiuble, he may 
add considerably to his income, and greatly to his 
healthy amusement, by raising various crops requiring 
heat, a very small amount of extra artificiiil heat being 
required. Those having a natural taste for gardening 
soon learn to cultivate tomatoes, grapes, and the like ; 
and in some instances so as to eclipse professed gar- 
deners., We have heard of one man who, in a small 
plot attached to his house, had raised a glass structure 
in which he grew tomatoes, w^hich produced him a 
yeaily income not far below thirty pounds. This may 
be considered exceptional. But there is no doubt that 
much more can be made by attending to the cultiva- 
tion of what we may call “fancy fruits and vegetables.” 
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THE MABKET OABDEHEE. 

His Wobk in Pboducino in Bulk, Vegetables, Fbuit, 

AND Flo WEBS. 

CHAPTER IV. 

At the conclusion of last chapter (vol. ii. p. 171) we 
stated that on clayey iinder>soiis the water will remain 
stagnant, and whatever grows there will be backward 
ill growth ; nevertheless, level, low-lying lands, if not 
humid, are better than arid and hilly lands, which are 
rarely chosen as the sites of market gardens. Before 
choosing a piece of land, one very essential point is 
to ascertain what means there are of procuring water, 
especially in the case of the best kind of well- drained 
soil, which, enabling the water, as it does, to pass 
through it quickly, has groat need of irrigation in 
times of heat. 

Importance of an Ample Supply of Water to the Market 
Garden. 

Very often a plentiful source of water is the secret 
of success ; and a stream near at hand is such an 
advantage that sometimes the choice of ground may 
well be decided by it. In default of running water, 
a reservoir established, if possible, in the middle of 
the garden, will frequently siilhce. In view of the 
construction of such a reservoir it is necessaiy to see 
at what depth water lies underground, and this can 
Oiisily be ascertained by measuring the level of the 
water in the nearest wells. In large gardens the 
water is distributed by pipes which run under the 
paths and terminate in several smaller reservoirs or 
tanks. 

Market gardens should be freely exposed, and 
wholly uncovered — although ‘‘glass” in modified form 
and extent is often required — but, if possible, sheltered 
from the cold north and north-east winds by belts of 
trees or by screens of thickets. 

Aspect of the Market Garden. — Division into Working Plots. 

The position of a gjirden with respect to the sun, or 
its aspect, is an important consideration. A piece of 
land exposed to the east or to some part betw een the 
south and the east, and which has a slight downw^ard 
slope in that direction, is preferable to any other, so 
far as regards exposure to the sun and inclination. 
When, however, as generally liappons, one has to deal 
wdth land which has already been made into a garden, 
and of which therefore the position is unalterable, all 
that can be done is to divide it up — or lay it out, to use 
the customary expression — in the manner best suited 
to the various crops to be raised there. 

Laying out a Garden. 

In laying out a piece of ground, whether previously 
cultivated or made into a garden for the first time, 
square beds and straight parallel beds should have 
the preference. On these beds the gardener can work 


with most ease and expedition. The size of the 
squares is a matter of choice, but they should be dis- 
posed in such a way as to facilitate work as much as 
possible. The straight parallel beds should be 4 ft. 
or 4 ft. 4 in. wdde, but not wider ; for, if so, opera- 
tions upon them, as weeding, digging and so forth, 
will be inconvenient to pei*form. A man of average 
height should \ye able to reach the middle of the 
straight beds without having to walk on them, and 
this ho <;an do easily from either side w'alk if the 
breadth of cropped land between the walks — i.e. the 
beds — does not exceed 4 ft. or 4 ft. 4 in. The narrow 
paths separating those beds ought to be made below 
them in the form of trenches if the soil is damp and 
clayey, but on a level with them if it is dry and 
sandy. 

Trenohing or Deep Digging. 

Land about to be made into a garden should be dug 
deep only when the soil is Siindy and of little depth, 
and may advantageously bo mixed with the under-bed 
of clay; or when it is wanted to blend a clayey soil 
with a sandy under-bed ; or finally, when the surface 
of the ground has been exhausted by pi*evious culti- 
vation. For two years after having been dug deep 
(stiy to a depth of 3 ft.), land is unfavourable to 
plants; but after that period it becomes excecidingly 
good for vegetables of every kind, and above all for 
root vegetables, which, able to penetrate the soil easily, 
grow to a largo size, and are of fine quality. 

Deep Digging of the Soil. 

Deep digging has also the effect of making injurious 
grasses spring up. For seeds lying buried deep beneath 
the ground retain their germinative property for years 
and years, and begin to develop directly tliey are 
laised up and so brought wdthin the agency of the 
atmospheric influences of air and moisture, and of 
sunlight. The following is the way in which deep 
digging or trenching is generally performed. A 
trench is made, about 3 ft. 4 in. wide by 2 ft. 2 in. 
deep, and of indefinite or convenient length, and the 
earth from it carried to the other extremity of the 
piece of ground, where the digging will terminate. 
Then a second line of earth is dug up and thrown into 
the space left by the other, and so on, until finally 
the last trencli is filled with the earth from the first. 

While it renders the ground less fertile for a couple 
of years, deep digging is an expensive operation. 
Experienced gardeners, therefore, recommend that 
it be done, not all at once, but by degrees, from 
year to year, so that in the fifth or sixth year the 
proposed depth shall have been reached, and all the 
soil above it shifted. In this case the annual expense 
of digging is inconsiderable, and the ground, instead 
of being made less productive for a long while, im- 
proi^ immediately. (See remarks on deep culture in 
the paper entitled “^e Farmer.”) Ground which 
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has been dug deep at one operation needs, mor6o\w, 
a great deal of manure. The vegetable bed, foi^med 
by successive decompositions of animal or vegetable 
organic substances, having been displaced by the 
spade, its place at the surface is taken by soil more 
or less crude and sour from beneath, and, until the 
latter has been under the influence of the air a long 
time, and well manured, vegetables will not find 
copious nourishment in it. Though there is no fixed 
time for ordinary digging, the autumn is a favourite 
season for it. In the autumn, ground which is not 
planted with winter vegetables should be dug or 
turned over, or, as a great many prefer, formed into 
ridge-like beds. Experience has shown that laud 
which is dug before the winter is very much improved 
by the frosts and cold, wliich have such an effect upon 
it that at tlie approach of spring the clods crumble 
away. The same effect can bo produced in summer, 
when the sun will gradually turn dug or turned-over 
soil into a good tilth. In either case the ground, 
having become soft and porous, is easily penetrated 
to a considerable depth by the atmospheric influences; 
and these agents aid in the decomposition of the fer- 
tilising principles whicli, upon becoming soluble in 
water, are absorbed by the roots and rootlets of the 
vegetables. 

Sandy and clayey soils are also much improved by 
being dug. On any soil, in fact, fine crops are often 
due simply to the work of the spade. When instead 
of digging it in the usual way the gardener wants to 
form his ground into ridge-beds, he proceeds as 
follows. With the aid of a cord or line he marks 
out parallel strips of some 16 inches wide, and 
4 ft. 4 in. apart, and then digs each of them with 
the spade to a certain depth, placing one half of the 
earth on the right and the other on the left. This 
earth he then cuts up into spits or slices four inches 
thick, with which he covers the surface of the 4 ft. 4 in. 
ridge-beds enclosed by tlio trenches, doing this in such 
a way that the slices, unbroken, lie touching one 
another, or partially superposed, like the tiles on a 
roof. The more surface the spits or spadefuls present, 
the better will the atmospheric influences be able to 
act upon them. Another style of work is performed 
as follows. A trench is opened, and the earth from 
it carried to the other end of the rectangle, where the 
digging will terminate. Then a second trench is made 
and the earth out of it thrown into the first one. and 
80 on, until finally the last trench is filled up with 
the earth lying in reserve from the first. The clods 
should not be broken up on the surface of the ground, 
but when they are in the trenches. The breaking up 
is done by cutting them into slices not more than four 
inches thick, each of which is shaken to pieces on the 
spade, not merely turned over and deposited. This 
last particular is of great importance, for to a large 


extent it will determine the quality of the crop. The 
workman ought not to stand in the trenches to dig, 
as some do for convenience, for by this means the soil 
at the bottom of the trenches becomes compressed, 
and will hinder the growth of the vegetables. Clayey 
and tenacious soils are only dug in dry weather. To 
work them when humid would make them imperme- 
able to the atmospheric agents, and thus for a long 
while barren. As to the levelling of the surface of 
beds ” little need be said hero, since it simply consists 
in here filling up, there reducing, until a level surface 
has been obtained. Smoothness is given to tliis 
surface with tlie rake, previously to the seed being 
sown or the plants being transplanted. 

Manuring. 

The market gardener uses many diflerent composts 
in addition to farmyard manure or dung, which i>s 
his mainstay, for manuritig his different crops. Their 
growth is thereby increased, and the soil prevented 
from becoming very dry, as well as lacing kept porous. 
The following are some very gofxl composts Stable 
litter, with a good deal of cowdung (stirred up several 
timas in the course of the yeai ) ; a mixture of leaves 
and muck heaped up together (and stirred as often) ; 
chalk mixeil with fresh or dried plants, licaped up 
together and watered with an alkaline solution, or 
with lye-w^ashing water (similarly stirred) ; blood from 
the slaughterhouse, mixed with chalk and soft earth ; 
tan which has been used, blood, lime, and sand, all 
(compounded together (heaped up and stirred as 
above) % old decayed manure taken from broken 
l)eds, which have been used for forced culture ; 
pigeons’ or fowds’ dung. Indeed, almost everything of 
an organic nature which can decay, and wdiich generally 
we call waste or refuse, may be used to add to the 
value of the manure compost heap. 

Straw DreBsing for Soils of Market Gardene. 

A system which in itself combines the advantages 
of a manuring to the surface, and of shelter from 
cold wdnds or early frosts to the young and recently 
transplanted plants, is much piactised on the Conti- 
nent. In this straw is spread over tho surface betw^een 
transplanted plants, and this also has much the same 
effect as manure. It keeps the ground fresh and 
porous, while preventing a too rapid evaporation of 
water ; and, by gradually itself decomposing, supplies 
the plants with a continual nourishment, w^hich w^ater 
carries down to the roots. Moreover, it prevents an 
accident which all low plants, such as strawberries 
and lettuces, are liable to. Very heavy rain makes 
particles of earth spring up on to the face of the 
lower leaves, whoso pores are thus closed. Hence 
an injurious partial interruption of one of the most 
important organic functions— namely, the absorption 
by the plant of humidity and atmospheric influences. 
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CHAPTER Y. 

The last paragraph of the preceding chapter (vol. i. 
p. 291 ) referred briefly to the difficulties and disappoint- 
ments the early machinists liad to contend with in 
getting work done. And sad ” enough, beyond any 
doubt, were the disappointments they met with. If 
in the CJise of models such as those Watt based his 
larger constructions upon, the difficulties were great, 
what must they have been when the.se larger con- 
structions, the working engines themselves, were put 
in hand? The mere weight and the bulk of the 
various parts to be dealt with increased infinitely the 
difficulties of forming and finishing them. 

The Machine Shop of the Present Day, with its Varions 
Tools and Machine Tools, had no Existence in the Early 
Days of the Trade. 

For, be it remembered — what the iru'chanical stu- 
dent nowadays is so apt to forget — that in the early 
days of the profession of mechanical engineering there 
was not even the shadow of an approach to wdiat we 
now know as a machine shop,” with all its multiplied 
mechanical appliances and machino tools, by which 
parts, however heavy, can be handled, so to say, with 
e.ase, as well as formed and finished by the various 
machine tools and appliances. The machine shops of 
our early machinists were but little better furnished 
than is the smallest forge of a country blacksmith 
now. And so far as the fittings of such are concerned, 
they are better oft' than were our ancestors ; for if 
they had the lathe, the best form they had of it was 
but rude and ineftective compared with even the worst 
which a country blacksmith has now ; and the lathe, 
and the boring bit and brace, may bo said to com- 
prise the whole of the machine tools with which 
our early machinist.s were furnished. As for the 
‘thousand- and-one ” contrivances which distinguish 
the machine shops of the present day, they were in 
those early days simply conspicuous by their absence, 
— and however much the help they give was wanted, 
it is clear, from what we know, that the mere con- 
ception of machines to do the work had not even 
entered into the minds of our early machinists. It 
is but yesterday, as it were — for in the history of a 
people a generation or two is but as a day — ^that the 
fii*st attempt at a planing machine ” was made by 
Richard Roberts ; and rude enough in its construction 
it was, for rudeness and roughness were inevitable 
concomitants of a machine when the machine tools 
themselves were lacking by which alone roughness 
could be avoided. 


The Diffionltlet of the Early Maohlnisti ariiing from the 
Laok of Tools, present also in tho Department of Mate- 
rials for the Making of Machinery. 

Nor was the difficulty in the matter of materials 
with which our predecessors in machine making had 
to contend less grave or difficult of solution. Strength 
and durability were obviously requisites in machines 
which had to deal with great resistances ; and iron, in 
one or other of its forms of cast or wrought, was 
obviously a material better calculated to furnish 
these two valuable attributes than toood (steel was in 
those days literally one of the precious metals — as 
difficult procticiilly to be had in bulk or weight as 
gold — so that its use was confined exclusively to tools, 
and those were of the smallest). 

But liow to make tho iron, then the best material, 
available, was not by any means so obvious. Cast 
iron wa^i certainly more readily worked up — or, more 
correctly to state it, moulded or cast — into the forms 
required ; but even hei*e the limit of practical use was 
far below the line reached in more modern times, 
and at an ’ infinite distance, practically, from that 
within the compass of the work of the present day. 
But although iron founders of those early days did 
now and then produce some work wonderfully good, 
— as some of our older readers will remember, from 
the remains of old machines still existing in their 
youth — such as the large cylinders, for example, of 
atmospheric pumping steam-engines — cast-iron work 
generally was characterised by the rudeness and 
roughness of ail mechanical work of the time we 
write of. But when iron malleable or wrought had 
to be dealt with by the early machinists — when the 
forms in which it was required were compamtively 
large and heavy, the difficulties attendant upon giving 
it those forms were so great that, almost as a general 
rule, practically the attempt to use them was given 
up, and wood, as the material most readily adaptable 
and the mo.st easily worked by the tools of the period, 
was that which was adopted. And this the machinists 
were compelled to, not merely because their means of 
handling and working it with facility and accuracy 
were wanting, but because the metal in such bulk or 
size was not manufactured. 

The Tooli and Materials at the Command of the Machinist of 
the Present Day suggestive of Grave Considerations to 

• the Teohnioal Student. 

In the very readiness with which materials of all 
kinds are now supplied to our machinists, and in 
mere size or dimensions as far beyond the dreams 
as they were beyond the reach of early machinists, the 
technical reader of the day is too apt to smile at such 
early work shown in the few specimens of it to be seen 
in our museums, and in such works in remote, and rural 
districts as are still extant. But it was no smiling 
matter with the early machinists, and the real wonder 
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is that with the mi ans at their command, and the.se 
not only limited in number but rude in construction 
and generally inefficient in operation, they did the good 
work they turne<l out. And another lesson may be 
learned from this, at which one has no reason to 
smile, but rather to be ashamed ; and this is, that 
with all the appliances now at their command, with 
!/he machinist of our day it ought to be an impossible 
thing that bad or even comparatively good work 
should be turned out from any one of our machine 
shops. Good work always should be given. How far 
this is a possible thing, or rather how far it is on 
the contrary poasible to turn out truly bad work, let 
such of our readers say who have wide experience of 
the work of our machinists generally. The writer 
of these lines has had opportunities, not given to 
many, of examining machines to a very large extent ; 
and he is compelled to say, disagreeable as it is to do 
so, that machinery is often turned out yet so bad 
— we do not say in design, for with that at present 
we are not concerning ourselves, but in construction 
and finish — that many of the early machinists would 
have been ashamed to have turned it out of their 
modest and unassuming forges.” Whatever those 
early workers lacked, as lack to a woful extent we 
have now seen they did, of mateiuil aids and helps 
for their work, they assuredly did not want the high 
moral tone which, so to say, compelled them to do 
the very best, and only the best, work they could 
produce. 

And in this connexion it i.s specially worthy of 
note here, that it is very difficult indeed to over- 
estimate the value of their work as ministering to 
that progress in mechanical design and construction 
to which nationally we owe so much. Tlie young 
technical reader may feel well assured that this 
progi'ess did not rest solely upon a question of 
materials, but on the high morale of the men who 
in the early days gave them the shape and form 
which made the machines what they were, and led 
stiuight up to what in their best forma they now 
are. The debt the machinists of to-day owe to their 
predecessors of yetirs ago is a great one, and scarcely, 
we fear, estimated at its value as it ought to be. 
Whether all of our young technical readers will 
believe that the facts and considerations now stated 
are of the highest and most suggestive value as 
influencing their career as the working machinists of 
the future, may perhaps be open to doubt. But we 
rest in the assurance that some at least amongst them 
will perceive most clearly how far and how much the 
lessons they teach are calculated to promote their 
welfare, and to enable them to take that high position 
in the future as workers in the wide school of 
mechanism which we are at least hopeful that they 
will assume. 

VOL. IV. 


It will serve a useful purpose if we follow up the 
remarks we have made by glancing at the practical 
considerations connected with the work of the early 
machinists, which led gradually but surely up to the 
forms of parts of machines, and to the improved 
methods of construction and mechanical arrangement 
now in use; and also very briefly at the investiga- 
tions of scientific men, and the rules and calculations 
of practical value to the mechanic which they deduced 
from them. 

We have seen how very little the machinists of 
etirly times — that is, those we have specially referred 
to when machinery began to be a practical power in 
doing work — were indebted to the theoretical dis- 
quisitions of the early writers, by no means limited 
in number considering all the circumstances of the 
times. It is indeed, as we have hinted at, very 
questionable whether the eaily machinists were even 
acquainted with the existence of those ponderous 
tomes, in which those theoreticiil disquisition.s and an 
infinite variety of diagrams and “ astonishing pictures 
of astonishing machines” — for there was no such 
thing as what we know as mechanical drawing or 
orthographic projection — were given. And even if 
they had had an acquaintance with them, it may 
w'ell be supposed that it was by no means of a close 
and intimate observation. For, apart from the not 
very attractive nature of their contents — working men 
being then, as now, somewhat afraid of, or at least 
easily enough repelled by, long arrays of mathematical 
formula} and algebraic coiebi nations of x and y — the 
very extent over which these contents ranged, the 
mere area of paper covered by type and diagmm, pre- 
cluded the possibility to working men of finding and 
giving the time necessary to read, far less to study 
them. Conceiv’e of a man who bail daily work to do 
sitting down to the earnest study of a work such as 
Leupold's ‘‘ Theatrum Machinarium,” which appeared 
in the first quarter of the last century, or about 
160 years ago, in the form of nine volumes, each 
volume portentously ponderous and portly. It may, 
therefore, be reasonably assumed that the early 
machinists got very little help from such works of 
pure theorists as then existed in the way of design 
for machines calculated to do the prosaic work of 
every-day existence. 

Early Practical Macluniiti got Little Help from the Science 
of the Bay. 

If the early machinists got little in the way of 
design to help them in this direction from the won- 
derful combinations of lines which their authors and 
describers glibly promised would do wonderful work, 
but which after all was done only in imaginatiev 
description, they got less from the works of the 
authors who revelled in the marvellous as to the details 
of oonstructim. In point of fact they got nothing. 

6 
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OENAMENTAL WOEK IN MOTTLDINOS. 

(BISING ONE OP THE SUB-SECTIONS OP “ POEM AND COLOUB 
IN 1NDU8TK1AL DECOBATION.”) 

CHAPTER II. 

At the conclusion of the last chapter (p. 175, vol. i.) we 
showed how a perfectly plain-surfaced beam stretched 
overhead across an opening would, if strong and 
durable, fulfil its oifice well enough : that is, it would 
be useful. But thus placed, it attracts no notice ; the 
passer-by gives it but a glance, if he even gives that, 
and if looked at at all, tho only mental satisfaction 
it gives is that it looks strong enough to bear the 
weight put upon it, and sound enough to boar it 
long without giving way. But that plain surface of 
wood may be so adorned by the cunning hand of 
the carver artist, that children stop to gaze up at it 
with wonder, men linger long below it to study it 
with delight. Fig. 2 will illustrate in a simple way 
how ornament can be added. Here, what/ever be 
the opinion or criticism as to the value of the orna 
ment as such — although both examples are from 
established practice — there will be no dispute as to 
the hict that the objects, or beams, as in this in- 
stance, in fig. 2, are more pleasing to the e3^e than 
the beam a in fig. 1. Although the ornamental lines 
in fig. 2 may not come up to the standard of some 
particular theory of beauty, it will be at all events 
conceded that they give some satisfaction to the eyo 
— that they “look better,” as the phrase is, or to use 
the fashionable word, they are more “esthetic,” than 
the plain surfaces in a a, fig. 1 (vol. i. p. 175). Figs. 
1, 2, 3, 4, 8, 9, 10, and 13, Plate OCXIII., convey 
beyond all doubt the idea that “ mind ” of some kind 
or another has been bestowed on tho work ; but the 
form as illustrated at a in fig. 1 (p. 175, vol. i.) might 
have been put up by a savage who had only so much 
iskill and such tools as to give a flat surface to his 
beams. Fig. 1 at a represents “ construction,” the 
three sketches in fig. 2 represent “construction 
adorned,” or, as we have already seen it named by 
some, “ ornamented construction.” Figs. 2, 4, , 

Plate CCXIII., and figs. 1, 2, 3, 8, and 10, Plate 
CCXVI., are given here as further illustrating the 
point so far as surface decoration is concerned — those 
l)eing in a kind of ascending scale, reaching what is in 
point of fact a high stage of ornamented construction. 

Ornamented Oonitmction further illuitrated in Connection 
with the Sectional Forma of Beama.->The Charaoteriitic 
Feature of Houldinga. 

But the beam may not be so created ornamental in 
surface in the way indicated in preceding paragraph. 
It may be so placed, in projecting from the surface 
of the wall on which below it rests, or to which above 
it gives support, as to show an outline of the very 


plainest, on the part so projected or coming forward. 
The beam in this instance attracts no attention, unless 
it be to find fault with it that it projects at all, its 
plainness being thus made all the more obvious. But 
that outline may be so altered that grace is given to it 
by the fines, as in the different diagrams in fig. 2, which 
are supposed to be end views, or what constructionists 
call cross or transverse sections. And simple as the 
outlines are, still when in place, and put under the 
effects of sunlight and the shadows which this pra 
duces, looked at along its length, or without a “full- 
face view,” it may become beautiful. All the more so 
when tho “ tooth of time ” aids Nature — not tho sooty 
smoke of crowded towns— -in imparting those delicate 
shades and tones of colour with which, while she con- 
ceals the ravages of time, yet adorn and dignify them. 

“ Mouldings ” — “ Moulded.’* — Brief Glance at some of the 
points involved in these Technical Terms used in Build- 
ing Construction. 

By thus giving a changed or changing form to tho 


riR. 2. 

otherwise flat surface of a beam or a block, we have 
a seiies of surfaces to which the term “ mouldings ” 
is given — and when given, the objects are in technical 
language said to be “ moulded,” or “molded,” as some 
prefer to write or spell it. That they in using the last 
form of the spoken word have departed from the true 
meaning of the word, is held by some; it is doubtful, 
however, whether this be so if we look, as we now shall, 
at the derivation of the term. The word “ mould ” is 
generally applied to the matrix in which an object is 
cast ; the two words “ mould,” “ matrix,” being inter- 
changeable in common language, although the first 
is that most generally or popularly used. The interior 
of tho matrix or mould is made with certain lines, so 
as to give the definite form desired ; and the material 
which is poured into or pressed into the interior in 
a molten form, as a metal, or liquid, as fluid plaster 
of Paris or gutta-percha, is said to be moulded, more 
freq||^ntly “ cast.” If the material be not fluid, molten 
or melted, but soft, such as wax or plastic clay, and is 
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pressed into the matrix or mould, the term “ cast ” is 
not or ought not to be used, but the term ** moulded.” 
Casting is associated with the pouring, or as the 
technical term is, “ running in ” of a molten or liquid 
substance, — moulding with pressing or forcing in ; in 
both cases a matrix being used. If the word “ mould ” 
is derived from the French mow, which moans soft, 
the spelling of the word '' moulding ” is correct, — if it 
be from the Icelandic Mold^ the Ltitin mollis^ “ soft,” 
or the Spanish nioldey giving it as molding,” as 
used by some, is right. Mold in Icelandic means soft 
earth or soil ; and the reader will perceive that this 
quality of softness associates itself better with the 
pressing of a soft plastic material into the mould or 
matrix, than with the running in of a molten metal 
or of a liquid substance afterwards capable of hardening 
into it. The French technical word equivalent to our 
** moulding ” is inouleMre. 

When an object is treated through the medium of 
a matrix or mould, as above stated — this latter being 
of a fixed or indestructible character, so that it can 
be used repeatedly under a succession of runnings 
in ” or of ‘‘ pressings ” — it conveys the idea of a 
permanent character being given to the form ” 
which the matrix or mould impresses upon the 
material operated upon. This involves also the power 
of reproduction or repetition, so that when once a 
matrix is made wo can get any number of “ moulds 
from it we choose to have, so long as the jnatrix 
remains perfect. Popularly, moulds are termed 

casts,” and with this term is always associated the 
idea of an established, or what is called stereotyped, 
form j this latter word, indeed, involving tlie idea of 
moulding or casting, and meaning literally a solid 
(printing) type run or cast from a liquid metal poured 
into a matrix {stereosy the Greek for solid or hrm, 
and tupoSy a type). Hence some maintain that the 
term “ moulding ” means simply established or gene- 
rally received forms or outlines used in the decoration 
of the objects employed in building and the other 
constructive arts. The reader must decide between 
the conflicting claims of the two definitions. 

But whether moulded by the pressure of the hand 
operating upon a plastic material forced into a 
mould, or whether made by casting or running 
in molten or liquid substances into moulds, the 
result in either case clearly carries with it ideas of 
a mechanical proc/oss. Mind, no doubt, must have 
been given to the formation of the lines of the 
matrix or mould ; but once that was given and the 
matrix made permanent, any one of almost the 
lowest intellect could get a repetition of the moulding 
or cast object, so that a number being used in separate 
cases, each user might profess, if not honest, to have 
originally, designed it ; while in reality his use of it 
would in no way have called out his intellectual 


faculties to design it, further than the mere pour- 
ing into the matrix or mould of a liquid, and finally 
hardening or setting ” or pressing into it a plastic 
material. And although, for obvious and convenient 
reiisons, we have a series of established ** mouldings” 
— technically so called — and adhere to their use in 
their established or stereotyped forms, the reader will 
perceive how not a few of our highest authorities object 
to the continued use of those established or stereotyped 
forms, or rather we should say the constant use of 
them. And this on the ground that, having them 
ready to hand, our artistic workmen — so called — have 
no necessity, at least none of a pressing character, to 
put forth their own artistic powers in the production 
of form or contour ” for solid objects, thus giving 
their evidence of their own jiowers of design. There 
is very much of an important principle involved in 
the point here niised, and as it affects in reality the 
status of design amongst us, it will afterwards, in 
this paper or in one or other of the companion papers, 
in some fovshion occupy our attention. Meanwhile, 
taking the mouldings ” as established, and affording, 
as they unquestionably do, beautiful ‘‘ contours,” we 
shall in the course of those chapters explain the 
peculiarities of the different (dasses, with their indi- 
vidual members, and generally give instructions how 
to describe them so far as our space will permit. 

Contour a Term need in connection with Konldings in 
their strictly Technical or Constructive Sense.—Some 
Points connected with it. 

We have used the word contour ” more than once 
as applied to the form of a moulding or its outlines. 
This term is derived from the French word toxiVy a 
turn, and prefix couy with. This at once shows that 
the outline of a moulding is formed of a turned — 
that is, a curved — line or lines. Strictly spe^iking, 
this is not so, for several parts of mouldings are 
made with straight lines ; but as those are connecting 
parts only, strictly subordinate to the leading parts 
of the moulding, formed of curved lirie.s, the term 

contour ” is generally applicable to a moulding. It 
is the giving of those lines which constitutes the art of 
drawing mouldings. And as most of the contour can be 
shown by parts of circles, moulding curves are said to be 
“ described.” We shall see, however, that mouldings, 
taking the various forms which are generally used, 
are of two great divisions, which may be respectively 
considei*ed as the high and the low classes of moulding 
design.” Tlje curves of the one are, os we have said, 
** described ” by parts of circles — those of the other 
are ** di-awn.” In the one we can make use of certain 
appliances or implements, so that the process of pro- 
ducing mouldings may be thus said to be mechanical ; 
in the other all mechanical aids are discarded, and 
the skill of the hand aided by the accuracy of the eye 
are alone trusted to. 
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THE TECHNICAL POINTS CONNECTED WITH 
THE EMPLOYMENT OF FORM AND 
COLODB IN INDUSTRIAL DECORATION. 

CHAPTER IV. 

In concluding our last chapter (vol. i. p. 333) we stated 
that the only true delicacies and tints of colour were 
to be found in nature. And we asked the student, 
as the simplest and readiest experiment, to take up a 
stone from the highway or road. Let him take 
thivS, then, and carefully and honestly study it, and 
he will, we feel assured, confess that he has seen 
developments of colour upon its tiny surface of 
which he had formed, and could not without this 
experience have formed, even the slightest concep- 
tion. Lot him go further afield, or rather let him 
turn to his garden, and take up some favourite 
flower, or pluck from some no less favoured tree an 
apple, a pear, or a peach, and let him try to paint it, 
or rather to colour on his image of its contour what 
he sees on its actual surface. In this case also 
we feel assured that he will confess we have hero 
set him out a task which he knows he never could 
perfectly fulfil if ho coloured a lifetime. Some artists 
even, of no mean fame as such, have indeed lived long 
lives, have done much artistic work, and have died 
without even approaching, to their full satisfaction, 
what Nature shows us so lavishly and richly around 
us. 

Important Fointi to be considered in connection with Colour 
in Natural Objects.— Variety not obtainable only when 
more than One Colour is present in the Object. — Variety of 
Shades or Tones even in One-coloured or Monotone Objects. 

We have here referred only to the variety or the 
combination of colour which Nature displays in so 
many of her charming and, to a well constituted 
mind, ever beautiful objects. But the pupil must 
not suppose that she displays change, or, if you prefer 
it, variety of effects in objects, where there is more 
than one colour present. Quite the reverse of this 
is the fact. To prove it — and the lesson of the proof 
he will never forget, if he be thoughtful and wise 
for his years — let him take a lesson from an orange 
or a lemon. This is an object in which the colour is 
what is cjilled 4 ^ monotone — that is, there is only one 
colour in it. Well 1 no variety there 1 Closely study 
till you see it. We do not mean look at it only, for 
if the pupil remember what has been said in various 
papers, looking at a thing is by no means seeing it. 
What, then, does he see in the orange or the lemon 1 
Let him; amongst other things, carefully observe the 
colour of the light on the front, — a strange expression 
to some who think of light as having no colour. Then 
the colour of the shadow, — a stranger expression still 
to those who only think of a shadow as something, 
and only, black. Next let him observe — for he is sure 


to see, if he will but only tru J^v look for it — the grada- 
tion of colour between the light c*\’^d the shadow. 
And having really seen it, and drunk in, tm to say, 
its beauty and its meaning, let him take his palbitj^'e 
and his brush and try to imitate it. After some 
patient trial, we shall be much surprised if he does 
not also in this case confess that he sees a variety of 
colour of which he could have formed not even the 
faintest conception without having given to it the 
study we have here recommended him. On those 
points in the study of colour in the school of nature, 
and other illustrations showing perhaps more than 
one way of studying, we shall have somewhat more 
to say presently, 

Oreat Poweri of Patient Observation neoeieary to the Sight 
Study of Colour and Colouring Effeoti of Nature.— Study 
essential to the Decorative Artist. 

It is only right, however, here to remind him, or 
ratlier to enforce most strongly upon him this truth, 
— that the study of colour is one necessitating the 
outlay of much patience as regards time, and the 
exercise of a stei*n determination to know what can 
be learnt from it os regards mental discipline. Of 
time — for in truth a long life may be given to the 
study of colour as displayed in nature, and although 
one honestly learned much, at the end of it ho 
would have sadly enough to confess, that he had 
still to learn vastly more. How long,’* asked a 
lady amateur, of the class to whom all things are 
easy, of a celebrated artist — How long will it be 
before I can colour like that?” pointing the while 
to some work on the canvas on which the artist 
was engaged. “ Well, madam,” was the reply — “ well, 
if you work eight hours a day, and for forty years, 
as I have done, you might then know something 
about it,” emphasizing the ‘‘ something ” as indicative 
of the fact that the lady must not then expect to 
know all. In truth, the resources of Nature as 
regards colour are inexhaustible, and it may be 
accepted as a truth which admits of no dispute, an 
axiom in art, that it has been given to none, not 
even the brightest and best of her followers, to know 
all she can teach. The pupil, therefore, will perceive 
what he has before him, should he determine to be a 
truthful colourist. It is not enough that he should 
use colour, — any one with a brush and a pigment can 
do this after a fashion, — it is essential that he should 
use colour truthfully, at the least that he should 
honestly endeavour to know what truth in colour is. 
And this truth, it cannot bo too often repeated, is 
only learned in the school of nature ; and how hard it 
is to learn we have tried to show. 

So much as regards the demands on the patience 
0 the pupil. A word only can here be given as to 
the discipline. We have said something already as 
to the habit of observation, and the difference there 
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is between the looking at an object and the truly 
seeing it. “ I cannot see," said a lady artist — another 
of the class we have above referred to — I cannot 
see tJuit colour," pointing to an object one of the 
greatest colourists of modern times was then paint- 
ing. ** No ! madam," was the reply ; ** no ! don’t 
you wish you could 1 " What in this anecdote we 
wish to draw attention to, is not so much the fact 
that the vast majority of people have not even this 
unsA to see colour as it is, with which the great 
painter credited his critic, — but this, that his very 
reply indicated that before she could see the colour 
she would have to learn to see it. The eye, like the 
mind, has in truth to be educated ; mere native force 
and talent are worth much, but they are even at the 
best powerless for good work till their internal powers 
are trained. This culture of the eye is one demand- 
ing, then, what we have just said is essential — the 
exercise of stern determination to know what Nature 
is prepared to teach. Wo can do no more, however, 
for the present, than point out the direction of the 
path in which the pupil has to go. Progress in it 
depends on himself alone. 

Patient, Obiervant Study of Nature esBential to the Artist. 

In the remarks on the important subject of the 
employment of colour in industrial decoiativ^e work 
in the preceding paragraph, we said towards its con- 
clusion, that the lessons to be learned about it in the 
school of Nature are inexhaustible, simply because her 
examples are infinite. It is impossible to overestimate 
the value of lessons there to be learned, or to say too 
much by way of impressing the student of design to 
make them the chief source of his knowledge of the 
subject. We cannot too earnestly advise him to 
make its observation, as it exists everywhere around 
him, a matter of close concern. Let him cultivate 
the habit of seeing colour — much rather should wo 
say of observing it. We have already noted the 
difference between seeing or merely looking at natural 
objects, and the observing of them ; and have quoted 
Goethe’s remark, profound in practical wisdom, that 
the ** eye only sees what it brings the power to see.” 
The mere looking at a thing is a purely physical act, 
which one intuitively does, and, indeed, if they but 
open their eyes in the direction of an object, they 
cannot help seeing it — see the object they must ; but 
observation is an act of the mind, and it is only 
when they truly observe that they truly see — that is, 
become conscious of the existence of the object, and 
form their own conclusions as to what it is and how 
it looks. This is what is called ** intelligent obser- 
vation," in popular and often indeed in critical 
language. But in truth the phrase is somewhat 
tautological, and in a sense as literally incorrect as 
to say light is light ; for inasmuch as light must be 
light, so observation must be and is intelligent. You 


may look a", a thing, and you must physically see it. 
This you cannoii help doing ; and yet all the same you 
really do nob, in the true sense of the term, see it, 
for you are not even aware that you have seen it, 
and were you asked a minute or two after you had 
been gazing at it if you had seen it, you would be 
quite prepared to assert that you had seen no such 
thing. And quite honestly and truthfully would you 
assert so, for you had no intelligent perception of the 
existence of the object and what were its charac- 
teristics. You had looked at it, seen it, but you 
had not observed ; and so far as receiving any true 
conception of it was concerned, you might as well, 
for anything you bad learned about it, not have 
looked at it at all. But the moment you look at it 
with your mental faculties at work on it, you not 
only see, but you observe, and you therefore know it. 
To observe, therefore, must be an intellectual as well 
as a physical process — observation must be intelligent 
and to use the phrase as if this combination were 
essential is as much to the purpose as to speak of 
a knowing savant A savant must be knowing; he 
cannot be a savant without knoAving. A man to be 
a savant in any special branch must know it. 

The cultivation of this habit of observation we 
most earnestly press upon the pupil. No matter 
what be the particular branch of technical study 
or work, excellence will never be attained without 
observation. It is simply what is learned through it 
which constitutes the difference between the man 
who know^s and the one who does not. And in 
reference to the special point of colour we are now 
concorned with, anything like a con*ect notion of 
what it is can only bo gained by the habit of close 
and constant observation. 

But the pupil in the art of industrial decoration 
must take special note of this, that because he ob- 
serves an object — that is, sees it mentally as well as 
physicjilly — it by no means follows that he sees or 
that ho observes it correctly. He may, but he may 
not ; but to help him to the ‘‘ may," and convert it 
to his use, he has to bring to bear upon it the know- 
ledge of others. And this, which is but the result of 
the experience and observation, he has to search its 
records for. This knowledge may be communicated 
to him orally by an intelligent teacher in general 
study. It is to be found in practical I’ecords ; hence 
the phi*ase or proverb knowledge lies hid in 

books." We have endeavoured in the foregoing 
pages to communioate some of the knowledge which 
has been stored up by others — in other words, wo 
have told him what is known" on the subject of 
colour, with of course special reference only to its 
application to ornamental design. 

While the pupil wdll derive some knowledge from 
what we have said on the subject of colour^ and may 
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have thus given him an idea of the direction in which 
he should further study, let us impress upon him 
again — and the advice can scarcely be too often 
repeated in the case of beginners — that he will learn 
more after mastering those first principles which we 
have in preceding sentences told him of — infinitely 
more by observing the effects of colour as displayed 
on all sides around him — than by ycai-s of study of 
books. And by way of encouragement to the young 
pupil, or one inexperienced in colour, upon whom wo 
impress this close observation, let us tell him that he 
will be well repaid for such attention as it demands. 
This, indeed, is but poor and cold language to use 
in connection with the study of colour. While this 
study is to be applied in pmctice, in the actual 
manipulation of i)igments applied to his designs, we 
have written the foregoing lines to little purpose if 
we have not convinced him that his school for the 
true study of colour lies in the world around him. 
And if this study be gone into by the pupil with an 
earnest and anxious desire conscientiously to apply 
the lessons which Nature will teach him, to look at 
things with a mind free from preconceived notions 
or pitiful prejudices, we feel thoroughly well assured 
that he will tluink us for urging the study upon him. 
At present, knowing, as wo presume that he knows, 
but little of what colour is, and what every scene 
and every object in tliat scene can tell him about it, 
he can form no conception of what pleasure is before 
him. And this school for study is ever and always 
open to him ; and but little time after ho enters it 
all the notions which are attached to the tenns school 
and study will have vanished, for he will find that of 
Nature a treasure-house of delights. 

He who has the power to observe colour as it is 
displayed in the innumerable objects of nature, and 
above all, ho who can appreciate and enter, so to say, 
into the very soul of what colour teaches, has a gift 
or power which, as has been truly observed by one 
who himself has the gift in great perfection, “ is 
worth specially thanking God for.” 

If the pupil sits down to this study ‘‘ clothed and 
in his right mind,” lie may rest assured that he will 
learn more losi^ons practically useful to him in his 
work, from a single bourns observation of some 
particular scene or object, than he could possibly 
learn from days' practice in the school, or from the 
prosy prelections of some one learned in the art of 
colour — of the primaries, secondaries, and tertiaries 
— of complementary colours, etc., and the technical 
language of the class. 

This ability to observe^ thia capacity to a^ppreciate^ 
colour as everywhere abounding in nature, is a gift 
bestowed naturally upon but few. But it is a gift, 
happily, which can in large measure be got, and in 


some senses so easily, that it may be said that it can 
be obtained simply by the looking for it and the 
study of nature. To say this is but to repeat that 
one has but to observe and to be content to observe, 
when the glories of the gift will be revealed to him. 
We have said that it is but few who possess the 
natural ability to see and appreciate the colour every- 
where. It may, indeed, be safely asserted that the 
vast majority, even of educated people, have not the 
slightest conception of the endless varieties of colour, 
their tints and tones, as spread out everywhere around 
them. They tell you of the sky, that glorious canopy, 
that it is clear or that it is cloudy j of the sea, 
that it is rough or that it is smooth ; and of the 
fields, that they ara green or that they are brown or 
bare. But this is all they speak of, for it is all that 
tlioy observe. Not content w’ith an ignorance which 
deprives them of intellectual pleasures infinitely 
outweighing in value all those which are so highly 
valued by the wwld of everyday life, they deny flatly 
that beautiful effects exist at all, in sky, sea, or field. 
If those to whom these beauties are revealed in all 
their infinite depth of loveliness and of meaning, 
happen to describe, or rather attempt to describe, 
— for of those beauties, such as they actually are, 
nor tongue nor pen can tell ” — wliat they have seen 
in the way of colour in nature, they are put down 
by nine out of ton of such people as T])ere enthusiasts, 
who fancy only tliat they have seen, but wdiat they 
in their superior position know (jannet exist. It must 
be so, they argue, for they have not soon such beauties; 
and surely if they did exist they could be seen by every 
one. To statements such as tliese — and we do not in 
any wise exaggerate them — what I’eply can be given, 
but that such people do not see what they so glibly 
deny the existence of, and that simply because they 
do not observe? They do not observe, first, because 
they do not wish to do so ; and secondly, because 
they have not the faintest possible conception of what 
loveliness lies every wdiere and always around them, 
but to them unrevealed. If they had some conception 
of this, we do believe th.at they would learn to observe, 
— the which if they did we can w^ell fancy them repeat- 
ing the saying of the man of old, “ This I know ; I 
was blind, but lo ! now I see ! ” 

So completely ignorant are many — we might almost 
safely say the great majority of people — as to what 
wonderful variety and loveliness of colour there is in 
natural sights and scenes, that, rudely as some deny 
the existence of this when one to whom this beauty 
has been made known attempts to describe it in 
words, they have still more pungent criticism to offer 
when an artist attempts to depict on paper or on 
ca^(as what he has seen in sky, sea, field or hillside, 
mountain scene or hoary cliff. 
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THE OENAMEHTAL WOOD WOEKEE AHD 
DESIGNEE, 

In Carpentry and Joinery, chiefly for Exterior Work. 

(being one op the subsections of the paper on “ FORM 

AND COLOUR IN INDUSTRIAL DECORATION.”'' 

CHAPTEK IV. 

In describing fig. 6, Plato XXI., at end of preceding 
chapter (vol. i. p. 283), we stated that the edge formed 
a pleasing curve from one end to the other. Or rather 
it may be said that it starts from a central point and 



extends riglit and left. Further illustrations of edge 
treatment are given at a a a in fig. 1, Plate XXI., 
and contrasts between those and fig. 2, which any one 
could do, may bo made with advantage. Perforated 
work, as for a panel in the lower part of a garden 




Fijr. 5. 

structure or summer-house, is further illustrated in 
fig. 9. So also is this class of w'oik illustrated in 
figs. 3, 4, 6, and 11, Plate XXI. 

The Foregoing Examples of Detail Ornament in Wood Work 
oentraited with Plain Bald Surfaces of the same Extent 
or Size generally. 

We do not say that these drawings show perfect 
design ; but, in many respects very good, they would 
form, beyond a doubt, a much more pleasing feature 
in a timber structure, than bare, bald, flat surfaces of 
boarding, or even with such parts pierced with plain 


meaningless apertures, when apertures are desired. 
But where apertures even of the simplest form, as 
squares and circles, are formed in boarding perforated 



work — as for the ventilating apertures at the upper 
part of structure — the mei'e disposition of these 
holes, simple as they are in themselves, may give 
an effect, pleasing or otherwises, according as the 
disposition of the apertures is arranged. Thus the 
drawing in fig. 5 shows as simple a form of aperture 
as can well bo found, but the disposition being 
harmonious gives a pleasing effect. This is further 
seen in fig. G, w here simple squiires ai'e alternated wdth 
curved parts, and with diagonally-placed rectangles 
forming crosses. The larger squares set diagonally 
might bo filled in with a panel, also perfomted, a.s 
shown in fig. 5, Plato XXI. In fig. 4 the apertures 
are largely circular in form, mere holes forming a chief 
part of the design ; yet the disposition of the simply 
formed a2)ertures being harmonious, a ])leasing efiect is 
obtained. What can be more simple, considered as 



individual members, than tlie apertures in fig. 7 ? — yet 
how cflective the disposition as a combination ! 

Ornamental Wood Work in Brackets. 

Let us now take two classes of wwk in timber or 
wood construction, and the pupil will be able to judge 
w^hether our strictures in the preceding chapter were 
w’ell founded or otherwise, and whether there be not 
some scope for the work of “the ornamental designer” 
in connection with it. Should he still rcquii’e further 
evidence, however, on these points, w^e must beg of 
him to accompany us to the end of this section. Take 
the cjisc of a bracket, a «, as in fig. 8, supporting 
wliat is called a “ cantaliver,” h h (see the paper under 
the head of “ The Carpenter ” for a description of this), 
projecting from the face of a wall, c c. This bracket 
a a would do its work well if strong enough, however 
plain its outline is ; but if this were altered to the 
form shown in fig. 9, or that in fig. 8, Plate LXII., it 
wall be admitted that a more pleasing effect would be 
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obtained ;'still more so in fig. 7, Plate XXL, as curved 
lines are more pleasing than straight ones, and a com- 



bination of straight lines with curved ones is always 
effective. 

Ornamental Wood Work— Balcony Front. 

Let us next glance at another class of work in 
ornamental wood construction — taking for example a 
balcony front. This may be made up of plain solid 
boarding, perhaps crowned witli a simple cornice, or 
it may be inclosed within simple rails of wood with 
plain rectangular spaces between. Or it may be, still 
advancing in design, treated as perforated work, 
based on some one or other of the designs we have 
given, or as on those wo shall have yet to give. 
Or it may be treated in some such a style as in fig. 3, 
Plate XXI., or in a still more advanced style as in 
fig 11, same Plate. This last is a window-flower 
balcony, and is frequently a feature in Continental 



architecture, where flower culture is everywhere carried 
to great perfection. This design of jardiniAre^ as it 
is called, is a specially pleasing one ; we are indebted 
for it to the pages of the fine work edited by M. 
C^Bor Daly, architect of Paris, and entitled ‘<The 
Domestic Architecture of the Nineteenth Century,” 
The design itself is from a house in Strasburg by 
M. SchlagdenJiaussen. 


TheElamenti of OmamentalWork in Timber Designing and 
Setting ont of Different Figure! and Forme. —Ornament! 
baled on the Triangle, the Square, and Rectangle. 

Having in the two preceding chapters opened up 
the subject of ornamental wood- work, we now pro- 
ceed to give details which may be considered as the 
elements or alphabet of the art. We shall begin 
with perforations, which, as sketches yet to come will 
show, play a very important part in the decoration of 
wood-work for various structures. The elementary 
forms of perforations are divisible into two classes — 
the combinations of right or straight lines (see The 
Geometrical Draughtsman ”), and of circles and parts 
of circles. The chief of these forms we severally 
illustrate in figs. 10 and 11, those in fig. 11 belonging 
to the circle. 

In fig. 10 the simplest is that of the triangle, of 


I 



Fijr. 10. 


thi*ee lines, the fewest which am be employed to form 
a surface or an inclosed .space. The two triangles 
available for the purposes of perforation are the 
equilateral, as in a, having the three sides of equal 
length, and the isosceles, as at 6, having two of the 
sides equal. By joining two equilateral triangles, as 
c, e, d, at their base, another form of straight or right 
lined perforation is formed; and another by joining 
two isosceles triangles at their base, /, as g and h. 

The square ” perforations form inclosing sides — 
all at right angles to each other : this set, with its 
base, as horizontally, forms a perforation which 
may be deemed ugly ; but a very material improve- 
ment i^ effected by setting the base, as k, at an 
angle, fliis forming what is known as the diago- 
nal square ” — sometimes the “ lozenge,” which latter 
name is given also to the perforations at c e d, h. 
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THE LAHB DBAIHER. 

Dbainaohs of Lands oii Soils suitable for the Crops 
AND Live Stock of this Farmer.— Its History, 
Principles, and Practice. 

CHAPTER VI 1. 

From an impression that injury to the land by 
wetness arose entirely from rain-water falling on the 
surface, in the system of draining adopted by Mr. 
Smith, as stated (vol. iii. p. 116), the drains were laid 
nearer the surface than subsequent experience has 
shown efficient drainage requires. To produce efficient 
drainage as a basis of improvement of the fertility of 
the soil, both underground and surface water must be 
dealt with, and, when in redundance, removed from 
the i*each of the roots of plants. If the case of a 
somewhat flat surface of clay, or peat, even of many 
feet in depth, incumbent on wet sand, be taken, it will 
be found that the water from the sand wmII be con- 
tinually rising towards the surface through the super- 
incumbent soil, precisely as water ascends in a piece 
of loaf-sugar, or in a sponge, until the column of 
water so rising has attained such a height that its force 
of gravitation exceeds the capillary attraction of the 
soil in which it ascends ; and however frequent 
shallow drains may be laid in soils under .such circum- 
stances, they will have no effect in preventing wetness in 
the active soil from the ascension of water from below. 

A much more efficient, and more generally appli- 
cable, system of draining than had previously been 
practised in modern times consists in a modification 
of Mr. Smith s method introduced, as we have already 
stated, by Mr. Josiah Parkes, consulting engineer to 
the Royal Agricultural Society of England, some time 
previous to 1846. The mode of draining as introduced 
by Mr. Parkes is similar to Mr. Smith's system in 
the drains being at frequent and regular intervals; 
but the former- mentioned differs from the latter in 
the drains being of a considerably greater depth, and 
in their distance apart being, in some measure, under 
circumstances to be explained hereinafter, regulated 
by their depth. The depth of drains under Mr. 
Parkes* mode being much greater than in Mr. Smith's 
system, the drains by the former-mentioned method 
will intersect a greater number of underground water- 
feeders in the subsoil, and thereby prevent their out- 
burst at, or rising towards, the surface, than by the 
latter, and so, in some measure, perform the function 
of draining springs. The mode of draining intro- 
duced by Mr. Parkes being much more effective than 
any other method previously in use, and it being 
moreover fully adequate to meet every requirement 
to be fulfilled by the most effective drainage, it will 
be the only method that will be referred to in subse- 
quent remarks on the modern system of thorough 
draining by covered drains. 


Poiition and Direotioii of Ooilooting Draini. 

In determining or deciding upon these points the 
first thing to be done in thorough draining is to 
determine upon a proper outfall of the drainage water 
from the covered drains into an open watercourse, 
which should bo provided, or put into a state of 
efficiency if already existing os a natuml stream or of 
artificial construction, that the water may be conveyed 
from the main drains without impe<liment, or with as 
little obstruction as circumstances will admit of. The 
next matter will be to trace a main or leading drain 
from the outfall along the lowest level of the ground 
to be drained. 

Although a very trifling fall will give motion to 
water, yet, whenever it can be avoided, no drain 
should have a less descent than 10 feet per mile, or 
1^ inch to the statute chain of 66 feet in length. 
Whenever the descent of ground in which a main 
drain has to be carried exceeds 10 or 12 inches to a 
chain, it will be preferable to lay out the drain in 
lengths or reaches at uniform falls of less than 8 inches 
to a chain, and to connect such lengths by inclined 
planes — letting dowm the water from the lower end 
of the higher length to the higher end of the lower 
length — than to maintain one uniform descent with 
so great a fall. 

When the ground is flat, and the subsoil of a 
uniform nature, it matters not in what direction the 
drains run, piwiding the main or leading drain bo 
along the lowest level of the ground to be drained. 
On sloping ground, the direction of the collecting 
drains should always be in the direction of the slope, 
and not across it ; as by the first-mentioned direction 
every stratum of the subsoil to the depth of the drains 
is certain to le intersected, by which the water in 
the feeders in the subsoil will be intercepted by a 
drain, and carried off thereby before coming to the 
surface; whereas by the latter-mentioned direction, 
the drains will be as likely to miss as to intercept the 
water feeders in the subsoil, and will, therefore, be 
uncertain in efficiency. It seldom occurs, however, 
that the declivities of ground are in but one direction. 
When the ground falls in two directions, the proper 
direction in which to lay the collecting dmins is in 
that of the watershed of the surface, which is always 
in an oblique direction between the two declivities 
— nearer, of course, to the steeper. The direction 
referred to will be more readily comprehended by a 
r,efei*ence to the accompanying diagram (fig. 6). 

In setting off small or collecting drains on ground 
having two declivities of surface, let the direction of 
the declivities be, in the first place, determined ; and 
then, by levelling, ascertain the gradient of each. 
The gradient is the quotient of the distance levelled 
being divided by the diflerence of level in the distance. 
Then measure, from the same point c in the main 
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drain, in the direction of each declivity, c 6, c d, up 
their rises, distancing c f and c e proportional to their 
gradients. Next measure the distance / e as the 
third side of a triangle c c /, which third side must 
then be divided in the proportion which the other 
two sides bear to each other. The proportional 
division of the third side spoken of will be by the 
following proportion, viz. : — As the sum of the two 
sides in proportion to which the third side is to be 
divided is to the third side, so is either of the other 
two sides to the segment of the third side, in pro- 
portion to the side used as the third term in the 
proportion. The point of division, g, of the third side 
will be the distance of the smaller part from the end 
of the side representing the proportion of the steeper 
gradient, or it will be the distance of the gi^eater part 

k 


Where several undulations of surface occur, a 
separate system of the direction of the collecting 
drains must be applied to every alteration in the 
plane of the surface, so that the direction of the 
drains in each may be that inculcated above. To 
those in the habit of laying out draining works tho 
proc3S3 above described will seldom be necessary to be 
strictly carried out, as expoiionced drainers can with 
sufficient accuracy determine the proper direction of 
drains by the eye ; nor, unless the alteration of the 
plane of the surface be very marked, need a separate 
system of direction of parallel drains be always strictly 
attended to. 

Collecting drains are very usually made in the 
furrows or valleys, between the high ridges formed 
by ploughing when draining was not so common an 



from the end of the side representing the proportion 
of the less steep gradient of the declivities. The 
direction from the point in the nuiin drain from 
which the two first lines were measured to the point 
of division of the third line will be the proper 
direction of the small or collecting di’ains. Having, 
by the process described, found the proper direction 
of the small drains, let lines h k, h I, and i m, i n, be 
traced right and left to such direction, at right angles 
thereto, and measure on the lines so traced the 
distances the di'ains are intended to be apart, and 
the corresponding distances on the lines at right 
angles to the line of direction of the drains will be 
two points in the direction of each drain by which 
the same may be laid off in parallel straight lines to 
any length from the main drain that may be required. 


operation as it now is. Drains being so placed Ls no 
doubt under an impression of a saving being effected in 
the depth of cutting. The practice in question is, 
however, not to be recommended, for the reasons about 
to be adduced. In tho first place, land is seldom, if 
ever, ploughed in the direction in wffiich the drains 
should properly be carried. Water is more apt to 
stand directly upon the top of a drain than on any 
place between any two drains ; therefore drains should 
never be in a hollow place towards which water will 
trend. To understand the reason of water being 
mora apt to stand directly over a drain than in any 
other place, it will be necessary to glance at the 
nature and formation of subsoils, and the manner in 
which water passes from the soil to drains, which will 
in the ntfit place be considered. 
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THE CABINET MAKES, 

The Technical Details, and the Principles afpectinq 
THE Design op his Work, 


CHAPTER II. 

We concluded last chapter (vol. i. p. 116) by quoting an 
eminent authority on the lack of taste for decorative 
art amongst the general public — a statement most 
pregnant \^ ith meaning. But that quotation was not 
there completed, for the stime authority goes on to 
explain how this miserable state of matters has come 
about. He points out that for long— and, indeed, 
it is only within the last quarter of a century that 
a change has taken place for the better — commerce 
^‘so called,” 08 our authority puts it, actually in- 
sisted upon divorcing art from all branches of 
manufacture, “ forbidding the exercise of art as 
an essential part of manufactured wares.” And 
although, as we have seen, matters are mending 
a little, it is but such a very little that there is 
scarcely one branch of our manufactures — if there 
be indeed one — but what produces both ugly and 
beautiful ; while the greater part of production 
belongs assuredly to tlie first lather than to 
tlie second category. But the worst part of the 
case remains — for, as our authority siiys, the ugly 
things are bought by the public as rciidily as the 
beautiful. And the still greater misfortune is that 
this is likely to be so for some time, inasmuch as, 
under the present system at all events, it is so much 
cheaper to go on manufacturing ugly things estab- 
lished in the market than to go to such additional 
expense as to produce new things which will be 
beautiful, or at least possess some claim to this dis- 
tinction. The summary of the matter may be put in 
the words of our authority ; At present the divorce 
of commercial mamifticturo from art has made the 
public bad marketers ; too often they don't know 
what they are buying.” 

Bemedy for this Lack of Taste for the Decorative Arts on the 
Part of the General Public. 

How, then, is this state of matters — pitiable 
enough, from an artistic point of view, it must 
be confessed by all thoughtful people to be— to 
be remedied. We have already said, in connection 
with another part of the same subject, that improve- 
ment rests with the people themselves. There is 
nothing like looking facts as they exist around us 
plainly and fully in the face. This is the only way to 
arrive at a practical result. It is folly to do otherwise : 
to pretend or try to convince ourselves that what we 
would prefer, or what we merely suppose, without any 
ground to base a reasonable supposition on, consticute 
facts. This is what no sensible man in any calling or 
walk of life does; he deals with facts as they are, 


not as he might wish or suppo;^c them to be. And we 
shall witness an improvement in the development of 
public artistic taste so soon — but not sooner — as the 
public themselves begin to see that art really clo.sely 
concerns their social and moral position, and seeing 
this, determine that art education shall be general, 
not confined, as it is now, to a special class supposed 
popularly to be the class alone interested in it. We 
have said that a general art education is no small 
matter, to be passed lightly over, and those who 
wish for better things can at present only wait, with 
such patience as they can infuse into their souls, for 
the coming of the better times. 

Buies, Canons, or General Principles of Design— introductory 
to the Consideration of Design as applied specially to the 
Work of the Cabinet Maker. 

In what is called the art of design there are certain 
rules or canons, or what in science would be designated 
a.s laws. Concerning these there is an almost universal 
consensus of opinion that they are deserving of the 
name, inasmuch as they cannot well ho disputed. At 
all events, it may he said of them that by far tlie gre>at 
majority of those interested and engaged in one or 
other of the applications of what for lack of a Ijetter 
term is called design, accept them as correct, and a.s 
points about which no dispute is to be allowed. There 
are many features, however, connected with the art of 
design whicli take the form of mere opinions. These 
are field by different men, according to the views which 
they individually hold as to what in certain features 
and under certain circumstances good design should 
he; and with many as frequently those views are often 
just as much the result of prejudice as of careful thought 
and observation. It need scarcely be said, therefore, 
that there is ground for dispute — and of this there has 
been enough, and more than enough — as to the value 
or otherwise of opinions or views so created and upheld. 
To some of these we shall draw the attention of the 
pupil-reader, especially wliei-e they have been put for- 
ward with special persistency, and have by this means 
gained a currency more or less wide. And in so 
drawing attention to them we shall endeavour to 
point out in what respect they are valuable, and 
therefore to be adopted by the young designer, or in 
what respects they convey what appear to bo erroneous, 
views, and which, therefore, should be avoided by him 
in his practice. 

Meaning of the Term Deiign in Belation to Decorative Art. 

Wo have sfiid that for lack of a better woid the 
term ** design ” has been applied to convey an idea 
of what is meant when we wish to attach to any 
object another characteristic than that \^hich is 
derived fiom or belongs to its mere utility. And 
this added characteristic is given purposely, in order 
that the eye may be pleased on looking at the object^ 
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and what is called taste gratified in the possession 
of it. When this added characteristic is present 
in an object otherwise merely useful — that is, which 
serves the purpose for which it is made, be it a jug 
or jar to hold a liquid, or a table upon which that 
jug is placed — we then say that the object is beautiful 
as well as useful. The term beautiful,” as we shall 
see, is purely relative, and it is a term which is more 
abused and misunderstood than even that of “ design,” 
with which we are now concerned. We discard, 
then, for the present at least, the term ‘‘beautiful,” 
round which clusters so much that is mere matter of 
opinion, and has therefore never been concreted into 
anything like canons or rules about which men are 
agreed ; and we prefer to say that when the charac- 
teristic we have above named is added to an object, 
it is more pleasing to the eye than if it did not 
possess that added characteristic. About the fact that 
it is more plea^iing to be looked upon there is no 
dispute. It may be, for example, that if the straight 
outlines of any merely useful object are so treiited 
that they have a certain form given them by curves 
or by curved surfaces in relief, these curves and 
surfaces may be objects of dispute between those 
who view the object so treated. One may say that 
the curves used are not those which should have been 
used, or the curved surfaces are false in conception. 
Another may hold an opinion respecting them quite 
the opposite of this. But both or all admit that the 
object, with its new or added treatment, whatever that 
may be, is a.ssuredly more gratifying to the eye — that 
is, it is more pleasant to look upon, than when in its 
original form with its straight lines. 

In the accepted phrase of the day, an object so 
treated is said to have “ design ” applied to it ; or 
that it has been well or badly — as the opinion of the 
critic may be — designed. The term “design” is so 
far unfortunate that it tends to vagueness and often 
to grave misconception ; and it assuredly lacks the 
definite precision which should, if possible, be the 
characteristic feature of all the definitions of terms 
of art and science. The true and original meaning 
of the term is conveyed in the idea that we propose 
do a thing. In other words, design involves a 
purpose or object in view. If wo have, for example, 
an object to construct, and if we construct it so 
well that it answers all the purposes we had in view, 
and these are secured by the least expenditure of mate- 
rial and of labour in working it up into the finished 
object, we then say, as it is said by an approving 
public, that it is well “designed.” The term may 
indeed, and generally is, applie'd also to any scheme 
which is purely mental — as the plan of a book is 
said with perfect truth to be well designed. In all 
work theie is a purpose to serve, and to effect this 
is the very motive of the work connected with it. 


Beverting to the subject of a construction, we have 
seen that it is said to be well designed when certain 
conditions have been observed. But this construc- 
tion may make no pretensions to giving form which 
is pleasant to look upon; may have not a single 
characteristic to which the term “ beautiful ” can in 
any sense be applied. It may, indeed, on all sides be 
pronounced unmitigatedly ugly, yet from its original 
and true purpose it is worthy of being pronounced 
as well designed. But if any one claimed for it 
that it was a “good design,” a very different train 
of ideas would be brought up in connection with 
the object; and a war of words would assuredly 
ensue if to its mere utility something had been added 
which was stipp >sefl to give the characteristic of 
beauty to it. But if not, the term “ design ” would 
not be permitted to be applied to it all, for it would 
be said that it had no “ design ” about it. And yet, 
beyond all doubt, the object was well “ designed,” for 
it fulfilled all the essential conditions of the “ purpose” 
the “ designer ” had in view. 

Confasion of Ideas arising from the Generally Accepted or 
Popular Meaning of the Term << Design." 

This confusion of ideas, this uncertainty, as to the 
meaning of the term design arises wholly from the 
lack of precise definition in the term design, as it is 
now almost universally used. It has got by some 
curious process or turn of circumstances to be asso- 
ciated wholly with something done in the way of 
adding to objects of all kinds that characteristic we 
have referred to, by which they are said to be more 
or less beautiful, certainly more pleasing or gmli- 
fying to the eye, than if not so treated. But if in 
the true sense of the term “dasign,” “purpose” is 
involved — and no one will deny the accuracy of this — 
if that purpose be fulfilled, a work of any kind is just 
as well entitled to be called a “ design ” as the work 
of an artist, to which the term is almost universally 
alone applied. If there be any meaning in the word 
“ design ” at all, the conclusion is inevitable that there 
must be several varieties of design, as there must be 
numerous classes of designers. A school in which 
nothing but the principles of scientific construction 
are taught has as much right to be called a “ school 
of design” as a school in which drawing and its 
application to various branches of industry are alone 
taught, and to which the term “ school of design ” is 
equally well, and indeed now universally applied. Yet 
one would never dream that in the first instance it 
involved the teaching of construction; while every 
one would know, as indeed every one knows who 
knows anything at all, that by the term “school of 
design ” nothing, in ordinary language, more nor less 
ai^ nothing else is meant than that it is a place where 
drawing and its industrial applications are taught, 
‘‘ This and nothing more.” 
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7HB TEOHHIOAL STmOSSTS nTTEODVCTIOH 
TO TEB OEHEBAI FBINOIPLES OF 
HECHANICS. 

LAWB AFFBOTlKa KATUBAL PHBKOMSNA— MATTER 

AKD Motion. 

CHAPTER XXX. 

dreiilAr Xottomi—General Ooniiderations (aontimied). 
The contrivance of the handle or winch, as ex- 
emplified ^n the simplest of all rotating circularly 
formed bodies, the grindstone— or, to give it its correct 
mechanical name, the crank — takes part in every 
combination of mechanism in which naturally straight 
or right-lined is converted into bent, curved-lined or 
circular motion: constitutes, in fact, one of the great 
inventions of man by the aid of which mechanical 
work is alone possible. And it is somewhat saddening, 
as assuredly, if considered in a right spirit, it is 
humbling to the pride of man, to think that not even 
the remotest trace exists to lead us up to the country 
where, the time when, far less to the man by whom it 
was invented or discovered. Like that equally wonder- 
working, yet of all contrivances the simplest possible 
in its material form, the potter’s wheel, by which 
centrifugal force is made under the cunning direction 
of man to do such wonderful things in giving form 
and shape to plastic clay, the history of the crank 
is shrouded in the most absolute mystery. Tlie 
name ** crank is supposed to be derived from the 
Oerman krink, or the Swedish kring, a circle or 
roundabout ; that of winch from the Anglo-Saxon 
wince,” a reel upon which yarn was wound. 
Centripetal Force. 

Surrounded as the student is by an infinite variety 
of machines in which power of one kind or another, 
of which steam is the principal source, is employed to 
give varieties of movements or of motion, the most 
striking, and indeed the most general of which is 
circular, he is apt to overlook the lessons which the 
simplest of all machines, the grindstone, can teach him 
as to circular motion. We have said that in all 
circular motion two forces are continually at work 
or in existence— the centrifugal and centripetal — and 
these practically are antagonistic to each other, but 
are, as we have seen, and shall yet, as we proceed, 
more fully see, in very virtue of this antagonism, 
of the highest practical service to man. The centri- 
petal or centre-seeking force is that which gives 
the circular motion to a body, or compels it, so to 
jsay, to go in a curved direction, or be bent out of the 
straight line which we have seen is naturally the line 
of motion of a body acted upon by a force. This centre- 
seeking, and, as when the body is put in motion it may 
be called, the centre-foimd force, is exerted by difierent 
forces and in several ways, the principal of which 
will be duly described in the appropriate paragraphs 
VOL, IV. 


hereafter. The simplest of all methods of making a 
body to move in a curved line or circular direction is 
by the direct agency of the bands acting upon its 
outtr surface. This is exemplified in the simplest of 
all work of the kind — namely, moving a barrel or cask 
along the ground by pressing the hands on its surface, 
and forcibly extending the arms, or, as in the case of 
an empty barrel, trundling it along by the aid of a 
stick. Analysing this very simple process, the reader 
will see how the circular motion — which is purely a 
rotatory or revolving one, although to most minds it 
is the rectilineal motion along the ground that is the 
striking feature of the work — is derived from the 
exeiacise of centripetal force. 

The term is derived from two Latin words, cen- 
trum, a centre, and the verb petere, to approach, to 
go near to, to seek ; and to the reader interested in 
the meaning of terms it is curious to know that the 
word petition is derived from the same Latin verb ; 
and if he thinks this out he will see its application to 
the mechanical term now under consideration. We 



have just given a very familiar illustration of centri- 
petal force in the rolling of a barrel or cask along the 
ground, and one nearly as familiar in the turning of 
a grindstone. The motion and the centripetal force 
generated may be graphically shown, as in fig. 38. 
We assume the curved line a a to be part of the 
surface of a cylinder or roller which receives a motion 
of revolution, or to use the popular phi'ase, turning 
itself — derived from the French touimer^ to turn round, 
to give a circular form or motion to. The ari*ow 6 
represents the force of the body communicated by the 
arms hands to the surface a a, in place of this 
force proceeding, when continued in the direction of 
the arrow a, the solidity of the body itself keeps the 
hands in contact with its surface and the force moves 
or tends inwards, so to say as in the direction of the 
arrow d, and is communicated to the centre of inertia 
or centre of gravity e (see the paragraphs on the 
centre of gravity ”) ; and from what has been else- 

7 
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where said, if we move the centre of inertia of any 
body, we move the wliole of the body, — ^just as the 
converse is true, that if wo bring the centre of inertia 
to rest in a body wliich has had motion we bring the 
body itself to rest. And to put the matter very 
familiarly, but which to the young student in me- 
chanics will bo easily understood, we can only 
reach, so to say, or influence the centre of inertia 
or the molecule or atom in which that centre may 
be supposed to exist through the medium of other 
molecules which are connected with it and with each 
other by the attraction of cohesion (see a succeeding 
paragraph for this term), and wliich terminates at 
what we call the outside of the solid body. This is 
also graphically illustrated in fig. 38. Wo reach 
or influence the centre of inertia or of gravity, 6, of 
the grindstone / f, through the medium of the solid 
molecules of iron cohering together as.suming the form 


r 
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of the lever of the handle, crank cr winch p. When 
this handle is pushed forward by the force of the 
hand, which is naturally in the direction of a straight 
line (see a preceding paragraph), as in that of the 
the arrow os it passes the vertical lino e g, the 
force applied to the end of lever c would have a 
tendency to pull it somewhat in the direction of the 
arrow or push it in the direction of the straight 
line indicated by the arrow g ; but this action of the 
original force, tending thus to separate the upper 
point a of the handle a from its connection with the 
central axis or axle a, is prevented by the cohesion of 
its molecules, which gives rigidity and strength to the 
handle p. On passing the vertical line e p g, the force 
applied tends inwards, being, so to say, dragged in 
towards the centre or through the medium of the 
handle p, and the force thus tends to the centre c, as 
in the direction of the arrow h. On the hand of the 


grindstone driver or turner and the end of the 
handle p aiTiving at the point y, the natural tend- 
ency of the force is to produce motion in a straight 
line, as in the direction of the arrow q, or line ij. 
But the same conditions exist at this point as between 
g and i, and the force is compelled, so to sny, to ^^seek^^ 
or “ move toward ** the centre, or as in the direction 
of the arrow i. The same is repeated when the 
handle is brought round to the points k and w, 
where the natural tendency of the motion to go in 
straight lines, as indicated by the arrows, is changed 
into the curved directions at m and o, seeking the 
centre e. 

The grindstone may be put in circular motion by 
other moans than by the simple and well-known 
cranked lover. Let us suppose a, in diagi*am fig. 39, 
to be the centre of the axis or axle of the grindstone, 
which is embraced by a part having four levers, as 
bf c, d, e, all of equal length. We can further suppose 
that the moving force, as that represented by d in 
fig. 38, is applied in succession : first to 5, carrying 
this round from h, fig. 39, in the direction of the arrow 
f', it is next applied at the end of arm c, carrying it 
round to point d, in the direction of the arrow g^ 
and BO on; when the last application of the force, 
at the point e, will bring it round in the direction of 
the arrow i to the point h, at which the force was first 
applied. The point h is thus said in technical language 
to ** revolve round the centre a ; and the whole of 
its circular path, represented by the arrows /, g^ h 
and i, is called a ‘‘revolution.” The term “ revolved” 
is derived from two Latin words, re, again or back, and 
volvere, to roll or turn round; and revolution is 
derived directly from the Latin revolutio, meaning 
a complete or finished turn, starting from one point 
and rolling round till the original point is “come 
back to ” again. Wo suppose the levers ft, c, d, e, in 
fig. 39, to bo much broader than thick ; the thickness 
being represented at h c d e, the breadth at j ;, in 
vertical section as on the line c e. If we joined the 
terminating or exterior points of any two of the 
arms, as ft and c, say by a solid bar represented by the 
dotted lines, /, it is obvious that any force applied to a 
point, as k, would be communicated or transferred to 
the point I, and this again through the intervention of 
another solid bar could be transferred to the point m ; 
and the whole would be, so to say, balanced by com- 
pleting the parts as between points m and n, and n 
and k. And if all the points were connected with a 
centre point o, common to them all, we should thus 
arrive at the part known as a square “reel,” a con- 
trivance used much in certain departments of textile 
manufactures. If there were six points we should 
have a “ hexagonal reel,” as at p q. In place of con- 
necting4Rie points by straight bars, as at A: we might 
connect them with a curved part, as between points 




THE TECHNICAL STUDENTS INTRODUCTION TO MECHANICS. 


r and a ; and if this were done at all the points, as 
between 5,o,d,and e, wo should arrive at the mechanical 
contrivance known as the ‘‘ pulley,” at t u. This 
would be made to revolve or turn on its axis by the 
hands pressing on its surface in the same way as we 
would move a barrel along the ground, and with the 
result and in the way we have already described. In 
practice the moving force Is applied to or communi- 
Gated to the pulley by means of a “ belt ” or “ rope,'' 
the principle of which is illustrated in fig. 39, at 
t u V w X y. Suppose a cord were attached to the 
point t of the surface of pulley, and this were led over 
in the direction of the point w, and then forward 
horizontally in the direction of the point w. If the 
force were then applied to the rope or cord at the 
pulley being free to move on its centre v, the point t 
would be dragged up in the direction of the straight 
arrow \ but for the reasons already stated, it would 
seek the centre v, and therefore pass from point t 
to w in the direction of the curved arrow. Here the 
pulley would stop, as the force acting only in the 
direction of the arrow v) could only tend to drag the 
point u horizontally also. But in place of stopping 
short at point we can suppose the cord to be con- 
tinued round the under side of pulley to the point x*, 
and then continued forward as shown ; the part of the 
cord between points t and x would pull up the point a; 
to while t would be pulling forward by the force 
at to the point u. The pulling force at to being 
supposed to bo continuous, the revolution of the 
pulley t V) X round its centre v would also be con- 
tinuous. When studying the practical points con- 
nected with circular motion and its contrivances, the 
young reader will see how the motion of the rope 
or belt in the direction of the arrow w is kept up 
continuously ; meanwhile we have seen how centri- 
petal force is availed of and comes into play in our 
mechanical contrivances. 

Xotion Produced by more than One Force. 

We have hitherto considered motion as produced by 
one force only, and that acting in one direc^tion. If 
there be more forces than one, but all act in the same 
line of direction, the extent or effect of those forces in 
producing motion will be equal to the sum of these 
forces. If they act in opposite directions the (wo 
forces will tend to destroy each other, and if equal in 
amount will neutralise each other, so that the body 
will remain at rest, no motion being produced ; and if 
unequal, the stronger force will influence the weaker, 
and not only destroy the force of this, but impart 
what may be called the surplus of its forces to it, 
so that the weaker will be compelled to go back, as 
it were, and follow the direction of the strongei- force. 
Thus, we can suppose a steamer capable of going 
along under steam at the rate of ten miles an hour, 
but to be under the influence of a current which wc 
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may suppose to I'un also at the same rate of ten miles. 
If the direction of the current exerting a force 
equivalent to a motion of ten miles an hour be the 
same as the direction in which the vessel is working 
xmdor steam the force of which is equivalent to an 
equal rate, the speed of the vassel vrould be twenty 
miles an hour. If the vessel were steaming against 



Fig. 40. 

the current she would make no headway at all, but 
would simply remain stationary, the forces being 
equal ; but if slio ceased steiiming she would be carried 
back by the current at the rate of ten miles an hour. 
Two balls, one of which, as a, fig. 40, was driven in 
the direction of the arrow b, with a certain force cal- 
culated to carry it to the point c, meeting another ball 
c, driven by a force rf, equal to force would meet at 
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a point (?, central to both, and would stop there, motion 
being, so to say, destroyed, the two equal forces, h and 
(/, having neutiulised each other. We have seen that 
motion is always in straight lines ; the balls a and ft, 
fig. 41, acted upon by forces c and d, will proceed 
in the straight lines e and coincident with the lines 
of forces c and d. Tlie forces we have named act 
either in the same direction as those just alluded 

!“ 
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Fig. 42. 

to, or in opposite diivctions, as at ft and dj fig. 40, 
and may.be either single forces, or each the sum of 
.several forces. But a body may bo placed under the 
influence of two force.s, one of which acts in the 
dii*ection of the arrow «, fig. 42, and the other in that 
of the arrcw ft. In this case we have two forces 
acting in directions quite different from each othei- — so 
much so that they diverge from a point c, which is 
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4xmmim to both, at xigbt anj^les. We diall see pre- 
sentily tliat tbe angle may be other than a right angle, 
and how the difference of the angle made bj the two 
lines a and h influence the direction of motion. The 
young reader, in thinking over the condition of a ball, 
as in same figure, acted upon by a force represented 
by the arrow e, and by another force represented by 
the arrow /, but in anoth^ direction might, and at 
first probably would, suppose that the ball, under the 
influence of the two forces, would, to use the popular 
phrase, be bent round, as it were, somehow in a direc- 
tion between the two directions of forces e and /, thus 
going in a curve more or less pronounced, as at g or h. 
But we have seen that motion is alwayB,.and naturally, 
taken in a straight line j the direction of the new line 
of motion will therefore be in a straight line, oblique, 
or at an angle to the lines e and /. This course, 
somewhere between the two lines of forces, which is 
the result of the action of these on the same body, as d, 
depends for its direction on the obliquity of the angle, 
B& e dj, e d i, or j d fy j d. e, upon the relation which 
the two forces represented by the arrows e and y* have 
to eacli other. The various points connected with 
the action of bodies under the influence of two forces, 
which come under what is called the composition 
and the resolution of forces, will be found described 
and illustrated in the appropriate paragraphs in the 
early chapters of the ^‘Boat and Ship Builder," to 
which the reader is hereby referred. Those points 
are of great importance to the mechanic, as being 
concerned in many of his operations, and should be 
carefully studied by him. In the paper to which 
refei'ence is here made, the reiider will find descrip- 
tions of the movement of ships under the influence 
of the wdnd, and of the varying position of these to 
the requirements of the navigator in moving his vessel 
in certain directions, and the description also of that 
cuiious mechanical contrivance known as the helm, 
all of which come under the head of the composition 
and resolution of forces. 

Hovementi in Circular obtained from the Motion of Flnidi in 
Straight Bireotioni. 

The reader will see how fluids, as air or water, 
impinging upon or flowing against flat surfaces placed 
in opposition, either directly or indirectly — that is, 
at right angles or obliquely — tend to press or shove," 
to use the popular term, the body before it, or to turn 
it aside according to its position. By changing the 
condition of the body exposed to the impinging pres- 
sure of a fluid, we can change the motion of that body, 
which under normal circumstances would be in a 
straight line, into a motion of revolution ; and hence, 
from the power or pressure of wind or water, which 
is always exerted or always acts in straight lines, 
obtain circular motion, which gives os a wide range 


motive-povm mechanism. A idmple illustratixm 
of this position now named is given in fig. 43. Lefc 
a b represent a board acted upon by a fluid, as a 
body of water in the direction arrow o : if loose or 
free to move, and if the pressure or velocity of e were 
great enough, the body a b would be preset forward 
in the direction of the dotted horiaontal lines, or of 
arrow d. But if in place of being free to move bodily 
away in the direction of arrow d^ab were swung or 
suspended from the end, as to a fixed centre a, the 
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pressure of the fluid on the side c 
the tendency to move the board a h f ILJ%AV UO UJJIJU9 
is fixed at the point a, yet so that while fixed it 
permits the board to swing to and fro or turn upon 
the point, as an axle ; the end b only of the board a h 
is moved, and being tied, so to say, to the centre a, it 
moves round in a circle, as shown by the dotted curve 
h g. If wo suppose that in place of the board a b 
terminating at a, it is continued on the other side of 
a, as at e, as the end b rises towai’ds d in the curve 
h (jf the end e descends in the opposite direction, as 
at c /. Ash rises towards dy ah assumes the oblique 
position as at a at which the obliquity is such that 
the water acts no longer upon it as a lifting power, and 
it^therofore remains as in position g, and as a e balances, 
or is supposed to balance, ah^a e assumes the position 
a fy corresponding to a g. Here we have got a 
circular motion through a certain length of path 
measured by the distances h gy ef. But if we suppose 
that to the central pivot or shaft other boards are 
fixed similar to cj 6, radiating from the same centre, 
and so that as the fluid ceases to act upon one board, 
as at a 17 , another comes into position on the side c, 
as at liy we by increasing the number of boards or 
arms, as a b, shall bring up to the action of fluid e 
a succession of surfaces on which lifting or turning 
pressure is exerted, all in virtue of centripetal force, 
acting upon the centre a ; ahd if we suppose this to be 
a shaft we have in its motion the rectilineal motion 
of the fluid in direction of arrow c changed into a 
continuous circular one, and which can be availed of 
in one or other of the great variety of mechanical 
movements met with in the working of machines 
in the doing of industrial work. The arrangement 
here illustrated in fig. 43 the student will recognise 
as th^of the form of water-wheel known as the 
** und^hot." 
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THB PBXBOt^LIBS AKD PBACtIGAL DBtAtLS OF HIB WOBK. 

CHAPTER XV. 

The bevel line, as a ft (fig. 45, ante), which gives this 
wedge*like arrangement to the arch, is called the 
“ skew-back,” being at an obtuse angle to the line ac. 
This so-called brick arch is anything but strong, as may 
be seen exemplified in the many brick houses in which 
it has given way. It is only used when cheap work is 
desired or necessitated. But, defective as it is, it is 
infinitely superior to another form of ** flat ” or straight 
arch known as the ‘‘French ” arch,: — which is altogether 
a misnomer, as it contains no element whatever of a 
true arch, and is altogether so vicious and irretrievably 
bad from a constructive point of view, that it should 
never be seen in brickwork which has any pretensions 
whatever to be considered good because honest work. 
Its use is altogether calculated to mislead, as it gives 
the proprietor the idea of security or strength which 
the mere name of an arch conveys, \vhilo it possesses 
none of it. We illustrate (fig. 46) this imported 



monstrosity in construction — if, indeed, its birthplace 
was, as is assumed, France — by way of warning ofi* 
from its employment. In fig. 47 we give the dis- 
position of the bricks in two flat aiches of one brick 
deep, the diagram in a showing the depth as made up 
of stretchers, the diagram in n the arch with depth 
made up of two courses of headers. 

The “ true arches ” in brickw’ork are the “ semi- 
circular arch,” the simplest and the strongest arch 
of all, illustmted in fig. 1, Plate CLXXXIX. ; the 
“ segmental arch ” in fig. 3, same plate ; the “ elliptical 
arch,” or rather the semi-elliptical, in fig. 4, and the 
“Gothic” in fig. 2, Plate CLXXXIX. Of the seg- 
mental, the elliptical, and the Gothic, there are many 
forms. 

When the bricks in a segmental arch, as in fig. 3, 
Plate CLXXXIX., converge to the centre of the arc, 
os the bricks a a to the point ft, the arch is then 
technically called a “ scheme ” arch. The brickwork 
used in arches is termed either “gauged,” “cut,” or 
“ rough ” work, according as the bricks are treated ; 
this treatment having reference to giving them the 

form more or less nearlv approaching that which they 
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assume when the arches are properly set out. Some 
of the methods of setting out brick arches tvill be 
presently given. 

Whfft is called a “ relieving arch ” is a segmental 
or scheme arch turned over an opening, as that of a 
door (fig. 6, Plate CLXXXIX.), a a being the arch, 
ft ft the wood or timber lintel spanning the door 
or window space, side or jamb of which is at c. 
“ Inverted ” arches are shown in fig. 5, Plate 
CLXXXIX. For the kind of arch known as a 
“trimmer arch” — being that turned over between 
the trimmei joists of a floor near the fir-oplace, and 
on which the hearthstone rests — see illustrations 
and de.scriptions in the papers entitled “ The Stone 
Mason ” and “ The Carpenter.” 


r\A 





The folloAving diagnims illustrnto the methods of 
striking the lines giving outlines of the bricks used 
in the foundation of flat, scheme, and elliptical arches. 
In fig. 1, Plate CXXIX., we show half of a flat 
arch of two bricks length in depth from c to d, this 
depth being made up of two layers or courses — as 
first the course d rj h e, and second g cf ft, the two 
being divided by the line g ft. Each course is made 
up of a series of “stretchers,” as i f, I /, and two 
“headers,” as y ft, m placed alternately. To find 
the dividing lines, as in the direction d c, i m 7iy draw 
any line, c/, representing the “ .solfit,” inner and lower 
surface, or intrados of the arch, and make c/ equal to 
half of the span or width of opening, as a door space 
or a window void. From c to d set off the distaruo 
equal to two bricks length, or 18 in., and from d draw 
d e parallel to c /. From point / draw, at right 
angles to c /, the line / o. Make o e equal to 9 in. 
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or the length of a brick. In practice, however, this 
distance is generally 7 Jin. or thereabouts. Through 
point c, the centre of the span or arch opening, draw 
a line, a b, of indefinite length. From point e* draw 
through / a line, as chfp^ which, continued beyond 
p far enough, will cut the centre line, a d c, continued 
in a point which we call 6. This point, to save 
unnecessaiy length in the diagram, is not actually 
given in it ; but we suppose all the problems we give 
to be diawn actually on the board by the student 
in the art of bricklaying. From the point 6 as a 
centre, with the radius 6 e, describe an arc e a q. 
On this arc the divisions or starting points of the 
biicks in the arch are set off. Take the distance 
of a r or r Sy equal to half the thickness of a brick, 
and set it off from the point a to r and s. From 
r and 8 draw lines converging to the point b on 
centre lino a c b. These will give the full thickness 
of the bricks i' and 7/i' w', exactly in the centre of the 
arch. In all brick arches the bricks are set off so 
that the centre line of arch will pass through the 
centre of the central bricks, which thus take the 
place of the keystone of a stone-built arch. With 
the distance r s, or the thickness of a brick, set off on 
the arc a e an equal number of parts to Cy fxs t u v, 
w X q» From these points draw lines converging to 
the point b on the centre line a c by fis v z. When 
completed the lines wull be given as in the half of the 
arch d cfe ; the other half, to the left of line a c b, 
being put in in a similar way. 

It w ill be observed that, although the bricks, as t' t, 
lly .and m' 7i', m n (tig. 1, Plate CXXIX.), are so 
disposed that they break joint, the joints are hori- 
zontal — that is, parallel to the top and bottom lines 
of the arch, as d c, cjf. But to obtain the full strength 
of joints, they should lie at right angles to the lines 
or faces of the bricks. Thus in fig. 2, Plate CXXIX., 
let a by c dy be the lines of two adjacent bricks of an 
arch, as in fig. 1, Plate CXXIX. Tiie joint c/is 
Jiorizontal, forming an obtuse angle with the line c d. 
The line g h gives the proper direction of the joint, it 
being at right angles to the line c d or 6 a, which 
represent the faces of the bricks. Tiiis metliod of 
setting out the breaking joints of a fiat or scheme 
arch is shown in fig. 4, Plate CXXIX. Set out the 
arch, as a 6, c d, so as to get the width of span h c, 
depth of arch a by and the “ skew back c dy as 
explained in connection with fig. 1, same Plate. From 
point c produce c d indefinitely, as to e ; from point d f 
indefinitely at right angles to d c, and make d f equal 
to the thickness of a brick, as r « in fig. 1, Plate 
CXXIX. From point f draw to point corresponding 
to point h in centre line a d c, fig. 1 , Plate CXXIX., 
the line / g, cutting upper line of arch a d in the 
point 4 . From point h draw indefinitely a line, as h i, 
at right angles to the line 4 g. Make 4 i equal to 


df, or the thickness of a brick, and from i draw to 
centre point on line a b the line ij. From where ij 
cuts a d, as 4, draw a line 4 Z at right angles to %j; 
and make k I, as before, equal to d /, and draw to 
centre point, asab, the line I m. Proceed this way, 
and a series of lines, as df 4 t, 4 Z, wrill be produced, 
to which lines are drawn parallel, giving the points in 
the arch as n, o, p, qy r. The lines, as/ d, 4 Z, can be 
made parallel to their corresponding lines, as/ c, I m, 
by means of the set-square; but failing this, the 
geometrical way is shown in fig. 4, Plate CXXIX. 
Thus, set off on the line c cZ e, produced any con- 
venient distance, as cZ 0 , from d to £ and 8 ; and from 
e and a as centres, with radius equal to 8 e, describe 
arcs cutting in points t and u. Through t and u 
draw a line cutting c e in d ; t d w ia at right angles 
to d c. The same may be done in the points, as h, 
found, and the lines, as 4 g, being drawn. 

To di^aw the lines of the joints of an “ elliptical 
arch,** as in fig, 3, Plate CXXIX. — The curve here 
shown is not a true ellipse, but merely such au 
approximation to the true curve as is used very fre- 
quently in practice, as being more easily produced. 
The three centres from which the curve here given is 
drawn are at a, b, and c. The easiest, and one very 
commonly used to get the lines of the arch bricks, is 
here shown — namely, by dividing the intrados of tbo 
arch, as d 0 , into tbo desired number of equal parts 
corresponding to the thickness of a brick, as dffg, 
g hy etc. From these points lines, as / Z, g m, 4 71, 
o are drawn converging to the two centres, as a 
and b. Tiie lines at the points between d and i are 
drawn to the centre a ; those between i and e to the 
centi’e 6. Tiie right-liand side of the drawing gives 
a clearer view of how the lines are divided, — the fir.st 
set, between a and r, stopping at tlic line r, which 
produced goes to the centre c ; the second set con- 
verging to the lower centre 6. 

Brick Arches (continued). 

This method, however easy it is in practice, does 
not give a pleasing look to the lines of the arch, as 
they bear no direct relation to the curv^e at its 
difierent points. This is more noticeable in arches 
of which the curve is a true elliptical one. The 
diagram in fig. 5, Plate CXXIX., gives a method of 
finding the lines of the arch in direct relation to 
that part of the curve at which the line is drawm. 
Let a 6 be part of the intr-ados of the arch, and c and 
d the two foci of the curve. Let ef and g be the 
divisions in the intrados a 6, marking off the thick- 
nesses of the bricks. From any point, as dmw lines 
to the two foci, m g Cy g dy and extend them indefi- 
nitely beyond the ex trades or outer curve of arch. 
Then, from point g as centi’e, with any convenient 
radi4^, describe an arc joining or cutting the lines 
gCy gdy in the points 4, i. 
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the cahpevieb and his technical wobk. 

Its Obioik and Bablt Pboobess— The Princip lbs 
AND Details of its Pbactioe. 

CHAPTER XVI. 

Framing. — Strengthening of Beami by Trof ling {continued). 
In the preceding chapter we desciibed at end of p. 71 
the method of hitching a beam, as illustrated in fig. 1, 
Plate XCVI. ; and in continuation of the description 
of this there given we come to point out that in 
place of the iron plate lying or pressing on the surfaces 
of the two beams, as at a ty the plate may be let into 
one of the beams, as at o and r ; or a part equal to 
half the thickness of the plate may bo cut out of each 
beam face, as at y in the lower diagram, in which 
V) w X are the two beams in part plan. In either of 
these arrangements the two faces of the beams can 
be brought up close to eacJi other ; and another 
advantage will be obtained — that the ends of the 
plates would butt up against solid timber, and thus 
act in some measure as a compressive strain. 

In trussing beams On the methods now to be illus- 
trated, iron in its two forms of “ cast ” and wrought 
(see the paper entitled “The Iron Maker”) is used in 
combination with the timl)er beams, the cast iron to 
resist “ compressile,” the wrought iron to resist “ ten- 
sile” strains. How they are used to perform these 
offices we now proceed to show ; taking first the 
trussed beams in which cast iron is used. 

Pig. 8, Plate OLllI., gives in diagram one arrange- 
ment for trussing. The upper diagram represents 
the method in which the two beams to bo placed 
together — one of which is shown at a 6, c d, — are 
trussed by cast-iron bars, one of which, e, is vertical in 
the centre of the length of the beam, and tw^o, f and f/, 
inclined at an angle to this ; the inner and upper 
ends butting against the upper end of vertical bar e, 
the other and outer or lower ends butting against 
bolts passed through the beam. These bars are placed 
between the two beams, and take the place of the 
wrought-iron plate used in “ Hitching ” or “ sand- 
wiching ” a beam as illustrated in fig. 7, Plate CLIII., 
and in fig. 1, Plate XCVI. In the middle diagram 
in fig. 8, Plate CLIII., the arrangement is shown 
of another method of trussing beams with cast-iron 
bars. In this the off beam, h h h, is shown in side 
elevation, two inclined bars of cast iron,^* ky butt 
against bolts in pairs at their feet oi- lower and outer 
extremities, and at their heads or upper ends against 
the ends of a horizontal bar, i i, also of cast iron. 
In both cases two thin beams or thick planks are 
used, in order by trussing to make one strong beam ; 
and placed in juxtaposition, as in the method of 
“flitching” illustrated in fig. 7, Plate CLIII., and 
ll, mm, fig. 8, same Plate, have the assemblage 
of cast-iron bars placed between them, as shown, n n 


being top edge of the bar i i in central diagram, o o 
the top edges of bars ky ky in same figure. In this case 
the bars are held in position, and they and the two 
beams thoroughly secured, by screwed bolts passing 
through the beams at convenient positions at their ends 
and centres, these bolts being brought hard up by the 
nuts with which they are provided. 

The method of trussing just described, as well as 
that of ditching in fig. 7, Plato CLIII., has this 
great advantage in the case of a thick beam, — that it 
may be sawn longitudinally into two, and thinner 
beams, and the sides which originally formed the 
central part of the beam, turned outwards in the 
trussed beam. This exposes what was the centre or 
heart of the original beam, and allowing it to bo 
exposed to the air it gets thoroughly seasoned, and the 
decay prevented which often sets in in the heart of 
thick beams which are difficult to season throughout 
the bulk. In fig. 9, Plate CLIII., wo illustrate part 
of the centre and part of the end of a beam trussed 
ivith iron bars, either cast or wrought, although cast 
iron is better constituted to resist compression than 
wrought iron. In this the central bar, as c in fig. 8, 
Plate CLIII., is dispensed with, and the bars, as / 
simply butt against each other at their upper ends, as 
at e By the ends being cut oft‘ in a vertical line. The 
lower ends, as i c cZ, in place of butting against a 
bolt passing through the beam a — this bolt foi ming 
one of tho.se which secure the two beams together-- 
is let into the face of the beam at y in fig. 1, Plate Cl. 
so that the thickness of the part cut out gives a 
butting place for the end oi a h c d. The bar hedf e 
is of course let into the beam along its whole length, 
and so that it is either Hush with the surface of the 
beam or sinks so deep that its surface may be a little 
below the surface of the beam into wduch it is sunk. 

In the case of large beams which are trussed, a 
more complete method of adjusting the iron trussing 
bars is adopted. The details of one or two methods 
are shown in figs. 2 and 3, Plate XCVI. ; the general 
arrangement being as in the upper diagram a h c d 
in fig. 8, Plate CLIII. In the method illustrated 
in fig. 2, Plato XCVI., the upper ends of the inclined 
bars, as 4, t, corresponding tofg in upper diagram in 
fig. 8, Plato CLIII., butt against a cast-iron head e e 
at their ends,/, g. This head e e is made thick enough 
to admit of a bolt-hole to be formed in it, through 
which is passecl a bolt d d, which jmsses down to the 
under side of the beam, and is provided with the usual 
form of . projecting head which presses against the 
bottom edges of the two beams, whei-o the bolt is 
screwed hard up by the nut c c. To prevent the nut 
from sinking into the upper edges of the beam, as a a, 
and to give it a good bearing surface, it is in good 
practice usual to give a pressing plate of wrought iron, 
as shown at h h, through which the bolt d d passes, 
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and against which the nut is jammed or screwed up. 
This pressing plate 5 ft is shown as let into the top 
edges of the beam so as to be flush with their surfaces. 
The plan of arrangement in upper diagram in fig. 2, 
Plate XCVI., is shown in the lower diagram ; in which 
a! a' is one of the beams, k k the other placed in 
juxtaposition, ft' h' the pressing plate corresponding 
to ft ft, resting on top edges of the beams or let into 
their surfaces, against which the nut c' c' is jammed 
or screwed up, d' showing end of bolt. In some cases 
the butting head is not placed betw’cen the beams and 
hidden between them when placed in the position as 
at eegf in fig. 2, Plate XCVI., but is in place of being 
made of cast, formed of wrought iron, os at e e, fig. 3, 
sjime Plate. The lower end of this is forged so as to 
narrow at the point p, and is from that point con- 
tinued downwards to form a bolt ?*, which is provided 
with the usual head, which is large enough to take a 
good hold or grip of the under edges of the beams. 
The head c « is itself of course flat, so as to give flat 
edges, as shown at e' in edge or side elevation to 
the right of e e, and the bolt i or “ tail ” may be flat 
also, or it may be rounded, as bolts usually are. The 
upper part of the head e e is extended upwards, as at 
4, and this part is of course rounded, as it has to 
form the screw bolt by which the head is jammed 
down or held in position by a nut, as at c c in fig. 2, 
Plato XCVI. The head ee, fig. 3, Plate XCVI., may 
be firmly secured to and held in position between 
the two beams — each half in a trussed beam being 
generally termed a flitch” — by having a bolt-hole 
as shown in the centre near g ; through this a bolt 
is passed, and passes also through both beams, and 
is screwed up in the usual way. The lower ends of 
the bars — technically termed ‘^struts” or “braces,” 
generally “ struts ” — correspond to the bars /, g, in 
the upper diagram in fig. 2, Plate XCVI., and are 
disposed as shown in fig. 3, same Plate. They press 
against butting pieces, 4, the upper parts being 
extended upwards in the form of a flat bar or bolt 
provided with the usual “ head ” made broad enough 
to take a good grip of the upper edges of the two 
flitches or beams. The butting pieces, asy, k, are 
in the other or lower direction extended downward.s 
in the form of a round bolt, m m, wdiich is screwed to 
receive a nut which is jammed or screwed up against 
pressing plates, as ft, ft, fig. 2, Plate XCVI., resting or 
let into the surfaces of the lower edges of flitches or 
beams. The arrangement here described may, how- 
ever, be reversed, the upper part of butting piece ^ k 
being extended mtj so as to be finished at end as a 
screwed bolt, the nut and pressing plates being at 
the upper edges of the beams, while the lower parts, 
as mm, are kept flat and provided with heads, as 
usual. In some cases the heads or upper butting 
pieces, as s « in fig. 2, Plate XCVI., in place of being 


concealed between the beams or flitches a a, being 
below the upper edges or surfaces, are wholly above 
and rest upon them. In this arrangement, shown in 
diagram in fig. 3, Plate CL, at a a, ft ft, c (/, in which 
a ft is the head butting- piece, d the bar corresponding 
to h g (fig. 2), and c the bolt-hole, part of the ends of 
bars being seen above the beams or flitches. The lower 
butting-pieces, Bsj 4, are always concealed within the 
beams. These may be let or sunk into the beams, as 
at c in fig. 9, Plate CLITI., in order to have a butting 
or resisting point ; but this is provided usually by 
bolts, as at 0 (fig. 3, Plate XCVI. ), against which they 
press, those bolts passing of course through both 
beams, and being jammed or screwed up with screw- 
bolt and nut. Or the lower butting- piece, j 4, may 
be itself bolted to the two beams, the bolt passing 
through a bolt-hole as at n, thus affording the 
necessary resisting point. 

Those of our readers acquainted with “ roof ” 
trusses (see a succeeding chapter on Roofs) will 
perceive that the two methods of trussing beams 
illustrated in the diagrams in fig. 8, Plate CLIII., are 
arranged on the principle of the “ king post ” (a ft c 
effg) and “queen post” (hhiijk) principles of 
trussing. The same methods are adopted in trussing 
beams with wrought iron ; but as this method is bast 
suited to resist “ tensile” or pullirjg .stmins, the ordinary 
arrangement of the “ king post* ” and “ queen post ” 
trusses are reversed. Thus, in fig. 6, Plate XCVI., 
the upper diagram is the “ king post ” truss, but with 
the angles of the parts c c? in the opposite direction 
to f < 7 , corresponding parts in fig. 8, Plate CLIII. 
And in the lower diagram, 4 4 in fig. 6, Plate XCVI., 
the “ queen post ” principle of trussing is shown, but 
with the parts hiy corresponding to j k in fig. 8, 
Plate CLIII., reversed. And this, as just stated, is 
done in order to meet the different conditions in 
which the material of the trusses. Is placed. Thus the 
parts f g, j k, in fig. 8, Plate CLIJI., are struts or 
bmees calculated to and so placed as to resist com- 
prassile strains or a crushing force ; the parts c d and 
4 i, fig. 6, Plate XCVI., to resist tensile strains, or a 
pulling force. 

In fig. 5, Plate XCVI., we give to larger scale the 
elevation of central part, and in fig. 10, Plate CLIII., 
the plan of under or lower side of flitches or thin 
beams trussed on the arrangement shown in upper 
part of diagram in fig. 6, Plate XCVI. In fig. 6, 
same Plate, a ft is one of the flitches, c d the wrought- 
iron tension rod; this passes round the part e, the 
lower edge of which is rounded to admit of the bent 
part oi c d pressing equally against it ; the part e forms 
the lower termination of the bolt which is screwed 
to and jammed up by the nut 4 and pressing plate g 
ag^jl^st the upper edges of the beams or flitches. The 
part e is wide or broad enough to have a good pressing 
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surface against the lower edges of the beam^ as shown in 
the plan of fig. 5, Plate XOVI., in fig. 10, Plate CLIII. 
Fuller details of the arrangement at central part of 
the truss, and of the method of securing the upper or 
outer ends of the tension rods c d, will be found 
illustrated in fig. 4, Plate XCVI. 

In fig 83 we give in larger scale the central 
part of the queen -post airangement of trussed beam 
in i i j, fig. 6, Plate XOVI, In this there are two 


rod passing round the head h of bolt cZ, secured up by 
the nut 0 l esting on the pressing plate, as shown. The 
lower diagrams show two methods of securing the 
upper and outer ends of the tension rods / and g. 
In the first to the left hand, pp in the beam, q the 
tension rod or “tie.’* To adjust the nut, as the 
end 8 of the beam is at right angles to its length, 
or sejuared oft*, and as in all cases the pressm’e or 
sti-ain brought on the tension i*od q must be in the 



bolts and heads, bh c, placed at same distance apart, 
between which the tension rod is horizontfil, as at d, 
and on passing round the heads c c are screwed up at 
an angle to the upper curves of ends of beam, as 
shown in fig. 6, Plate XCVI., at hi, and secured in the 
manner illustrated in fig. 4, same Plate. Fig. 84 (in 
text) is plan of upper side of the truss in fig. 11, 
Plate XII. ; fig. 85 (in text) being plan of top side, 


direction of its length, if the same nut as t in the 
pressing plate against wliich it rests w^ere placed 
against the scpiare end r of the beam 'p 1^) the stmin 
on the rod q would obviously be out of the lino of 
its length. The face of the pressing plate 8, against 
which the nut t is jamint.'d or screwed up, must there- 
fore be at right angles to the line of direction of the 
tension ix>d q. This is efi'ccted by giving the form to 



Fig. 84. 


showing the pressing plates ff for tightening up the 
truss. And it should bo noted hero by the leader 
that this tightening or screwing up of all trussed 
beams, in which iron is combined with timber, is 
done to sucli an extent that the truss as a whole has 
an upward bend or curvature, so Uiat it is reversed 
as at ij i in fig. 82, p. 70. This provision is known, 
as have explained in connection with tliis figure, 


the pressing plate s, as shown, which, fiat on the 
one or inner side against which the end of the 
beam j) p presses, and angular or oVdique on the other 
or outer side, enables the stmin put on q by the 
nut t to be in the proper direction, face of 8 being 
at right angles to q. Where Ihe pressing 2 )lato is 
fiat, as at lo in tlu; lower diagram to the right-hand 
side, the end of the beam v must be cut obliquely’, so 



Fig. 85. 


as the “ camber ” of a beam, and the amount is such, as 
there stated, that when the beam is placed in position 
and supporting or carrying its load or weight, the 
deflectipn caused by the pressure brings down the 
beam to the level or straight line, as at o in fig. 82 
(in text). 

In fig. 4, Plate XCVI., we give the details of the 
parts of beams trussed with wrought-iron tension rods, 
as in preceding figures above described. The diagi am 
a afl g shows in section the central part of a beam, 
as at 6 in fig. 5, Plate XCVI., in which g is the tension 


that its face is at right angles to the line of direction 
of tension rod y. In some cases no pressing or 
jamming-up plate is used, the nut pressing only 
upon the face of end of beam ; in which case the 
end of. lx)am must be cut obliquely, as shown at vw. 
But the practice is not to be recommended : a pressing 
plate should always be used, and that of as large a 
surface as possible. For it is a maxim in all good 
and sound mechanical construction that all pressures 
should be distributed over as wide a surface as 
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THE COTTAGE AHD THE VILLA OABDEHER. 

The Leading Principles and Practice op the Art 
OP Family Gardening, 

CHAPTER IV. 

At coDclusion of last chapter we stated that more 
could be done in the way of cultivating fancy fruits and 
vegetables, for which high prices can be obtained, than 
gome may be inclined at first sight to think. And by 
the exercise of a little ingenuity the appliances neces- 
sary for their cultivatiSn can be had at a very small 
cost. Those of our readers who have seen but little of 
this kind of work done would be surprised to see the 
fine fruits, flowers, and fancy vegetables, as cucumber, 
sea-kale, vegetable marrow and tlie like, grown in 
structures and appliances costing but a few shillings, 
raised by the cotton operatives in Lancashii’O. As to 
heating of the glass-houses, we have known a mechanic 
to make a sheet -iron stove, costing ninepence, which, 
judiciously contrived as to draught, sufficed to heat 
a pretty large house at a merely nominal cost. 
“ "V^iere there’s a will there’s a way.” B it the way 
is easier with most than the will to do. 

Some TJeefal HintB on Making the Most of Things.*’ 

If the cottage is situated within reasonable distance 
of a town, especially if that be a manufacturing one, 
it is diilicult to name anything produced by tho soil 
which cannot be sold quickly and profitably. If there 
bo children grown up, even although young, they 
can be taught, as we have already suggested, so to 
cultivate their tiny plots of flowers that nosegays may 
be made for which thei'o will be found a ready sale. 
All tho family, down even to the little child, can be 
made to do something which will add to its resources ; 
a child must be very young, for example, who cannot 
bo taught to weed and to gather up odds and ends 
wliich help at once to make manure. And this reminds 
us that manure, so necessary in a garden, and often so 
difficult to bo got, can be largely added to with very 
little exertion. Thus, every garden should have a 
compost heap, to which every substance that can 
decay should l>e added ; and one wdl bo surprised, on 
beginning a systematic looking out for manuring 
substances, how abuiulant they are. In almost every 
comer there is something to bo found whicli will decoy, 
and that is manure; and little children even can bo 
made, as we have just said, to add to the bulk of the 
heap. This system of looking out for, gathering up, 
and collecting together, every decaying substance, has 
this other advantage also, that it keeps tho place tidy: 
nothing to a well oi’dered mind is so annoying as. to 
see the neighbourhood of a cottage, or the garden 
walks and soil, littered here and there with substances 
all unsightly, and some not very fragrant. A good 
addition to tho compost heap is soot ; and the house- 


wife should, when cleaning down the lower part of 
the chimney, take care to carry it to the heap. Salt 
also is valuable, and any brine which can be saved 
from the refuse of the bacon and ham curing process 
should be added to the heap; and if the garden has 
not got a small liquid manure tank, the housewife 
should add all the slops to the heap, a hole being made 
in its upper surface to receive these. If currant trees 
are cultivated, of course, as already recommended, 
the slops, especially those of washing day, should be 
thrown to their mots, ail fruit trees rejoicing in 
soapsuds given judiciously. One woi’d in conclusion. 
In the autumn the gardener must take special care 
to turn his land over as roughly as possible ; some 
do this in an irregular way, but the better system 
is to throw it up in deep furrows and ridges. Land 
cannot be too rough for wintering ” purposes ; 
the frost and other atmospheric influences can 
never act properly on a smooth surface. Only 
those who have tried the two plans can tell the 
wonderful diflereiice them is between the soil which 
has been thoroughly wintered or weathered by being 
left rough, and that carefully raked over and smoothed, 
as some do, in order, as they say, to have their garden 
neat and tidy for the winter. 

Cultivation of Flowers by the Cottage Gardener. — Flowers 
and Vegetables combined.— Flowering Vegetables - -Orna- 
mental and yet Paying Crops.— Some Suggestions as to 
their Pleasant and Profitable Culture. 

We conclude by recommending the cottager, while 
paying attention to the useful things of the cottage 
garden, not to neglect those which minister to the 
beautiful. It is surprising what can bo done with a 
small plot of ground, where attention is paid to its 
proper laying out, and how beautiful it may become 
by a combination of flowers and vegetables. In this 
country we always keep them separate. Now, wo 
should be inclined to recoiniiiend the sy.stem adopted in 
some parts of Germany, where flowers are intermixed 
with vegetables. When this is done with judgment, 
the effect is exceedingly striking and beautiful, and 
many of the odd spaces of ground we have already 
alluded to may be filled up liom and there with an 
attmetivo flower. Thete flowei*s, grown in this way, 
may yield materials for nosegays, which may be sold. 
There is one plant wliich may bo said to serve a 
double purpose — namely, the scarlet l>ean or runner, 
which, when grown upon a neatly-made framework of 
lath, may serve the purpose of screening off some ugly 
building, as a dust bin or the like. It will form, during 
a large period of the year, a beautiful object to look 
upon, whether in leaf, flower, or fruit ; while at the 
same time it affords an abundant supply — for there is 
scarcely anything we §row in our gardens so prolific 
— o^a most delicious vegetable. As they grow very 
quickly, the plants should be gone over very quickly, 
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80 as to use the pods before they become too hard. 
We have called them scarlet runners, but in fact this 
name is not strictly correct, for many beans produce 
variegated flowers of the most lovely character. We 
had a fence once, used to screen off an ugly outbuild- 
ing, in which the flf)wers were variegated to such an 
extent that it was difiicult to reckon the varieties. It 
was the admiration of all who saw it, while the 
supply of pods for the table seemed to be inexhaust- 
ible. By putting in successional sowings — that is, 
with intervals between them — the flowers, and of course 
the resulting pods, may be canied over a much longer 
period of the year than if the seed is put in all at 
once. We have named this matter more specially, as 
it may serve to indicate dii'cctions in which the cottage 
garden may be made exceedingly attractive. This is a 
point not to be despised, for independently of its good 
influence on the cottagers themselves, it will tend to 
1 aise them in the good opinion of others, which will 
ultimately pay in more than one way. The influence 
exerted uj)on the merely material prosperity of a man 
dependent upon the public opinion of his work, or for 
the sale of that which he produces, by his showing in 
the mere details of that work a thoughtfulness and 
a determination to make the best and the most of 
things, should not be overlooked as one of the factors 
which go to make up the sum of his life. The world 
— meiiiiing in the present case by this term the neigh- 
bours — is by no means so thoughtlessly or selfishly 
inconsidemte as some cynics say it is. Self-help is an 
important essential indeed, btit so also is neighbour- 
help ; and when neighbours see that a man is specially 
helpful of himself, they are pretty sure to give him 
some help in this — and that in the best way possible, by 
buying his produce or giving liim work. And a man 
who is handy” for himself will be handy for others; 
and those others, his neighbours, will not bo slow in 
availing themselves of his “handy” work. Handy 
men are too scarce .not to be valued when met with. 
If a space can be spared, a little summer-house might 
be erected in the garden, the sparred or latticed sides 
of which might bo covered with the leaves and flowei's 
of scarlet runners, sweet peas, Indian cress, and other 
creeping, flowering, and fruiting plants. 

And a very l^eautiful object could be made of what 
might be otherwise very unsightly. The happy com- 
bination of the beautiful with the useful in giirden 
cropping can be done much more easily, and it might 
be done much more frequently, than it is supposed by 
many to be capable of being done, and that moi’eovcr 
at but little outlay or cost. Thus the more ox{>ensive 
framework for tmining scarlet runners which we have 
named may find a very cheap substitute in sticks or 
branches of trees stuck into the ground at intervals 
say along the edges of the garden walks. By connect- 
ing these with string or galvanised wire, the plants 


can be trained along from one stake to another. By 
this arrangement an abundant crop for the table 
may be obtained, and that, as we may say, without 
taking up any land. For the space taken up by each 
stake need not be considered as occupying soil on which 
any other crop could be grown ; and the same may be 
said of the seeds, for they can be set round the stake 
in a small ring — say one good bean at the ends of the 
two or cross dianjeters — and this portion cf soil could 
be got without robbing it from other plants. Another 
object would also be gained by this arrangement, and 
OJio wdiich w^e have insisted upon as being that which 
should not be overlooked — namely, an attractiv^e feature 
in the garden. For festooned, so to say, from stake 
to stake, the combination of foliage and flow^ers during 
a long period of the growth of the plants makes up 
a sight which wdll always be admired. And at a later 
stage, the heaviness of the resulting ci*op w ill not be 
the least satisfactory feature of this method of grow- 
ing scjudet runners at once for beauty and for profit. 
For the ready access of sun, light, and air to the 
plants, effected by the way they are spreatl, or hung 
out rather, so to say, from stake to stake, en coinages 
that rapid development of the plants and their conse- 
quently following fruiting, which is never met with, 
can never bo met with, when thy ai-e huddled together 
wdth a large proportion of the plants kept from the 
influence of the light and air, upon which so much of 
their fruiting depends (see the plates of Garden 
Architecture for sketches of methods of training 
running plants). 

By tlie way, we may here note, while on this to 
the cottage gardener not unimportant point, that 
this w’ay of growing scarlet runners may be carried 
out in more ways than one. Where moderately high 
and stout stakes can be had in sufficient number, 
there is nothing to pi*event a crop of scarlet runners 
being grown above the potatoes ; foiming thus a 
species of hanging crop or aerial garden. They may 
bo said to bo obtained for nothing; for they will 
borrow but little from the potato crop soil, and as that 
is sometimes too liighly manuied, the scarlet runner 
crop may do good to that of the potatoes. Harm, 
as a rule, it may be reckoned upon as not likely to 
do — and tho result of the arrangement will be a sight 
as novel in a cottage garden as it will be beneficial. 
A hint may be taken from this as to growing other 
crops along with potatoes. Cabbages are often, for 
example, grown between the rows. Tho “tree 
cabbage,"' a most prolific growler of leaves for food of 
pigs, etc., would l>e tho best for the cottage garden if 
grown in this way. Tho variety is knowu), and per- 
haps most widely, by the name of the “ thousand- 
headed cabbage.’" “Vegetable marrows” afford an 
excellent crop for growing between the rows of 
potatoes. 
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THE lEAOHINE MAKER OR OEITERAL 
MACHIHIST. 

BPHCHAL EZAMn<S!B G9 HIS WORK— ITS LEADIXO TBOH- 
KIOAL PBIKOIPLES A^D DRIAILB. 


CHAPTER VI. 

In the last paragraph of the preceding chapter we 
stated that the practical machinist of much earlier 
times than ours got nothing in the way of help from 
the men of science of their day— could in fact get 
nothing even if they had looked for it — which, from 
what we have seen, is just the thing which from lack 
of time, to say nothing of that of will, they were least 
likely to do. For the early writers had quite a grand 
ignoiance of the fact that such individuals as workers 
existed — a very natural result of their indifference to 
the actual work to be done around them. The machinist 
had, therefore, everything to find out for himself ; and 
what he did find was got, as we have seen, with 
infinite pains and mental trouble. What we call 
a “ connecting i‘od ’’ might be represented by the 
writer or theorist as a line, and a toothed or “ spur 
wheel” by a circle; and the writer or theorist had 
little concern with any fact — if fact it was, and not 
a myth, merely — that all promised to work well on 
paper, or, what was much the same thing, in his 
imagination. He troubled himself in no wise with 
what difiiculties the base mechanic ” would find 
when to the mere line of a lever or the curve or 
circle of a wheel he had, so to say, to give the ** life ” 
— a term, by the way, daily used amongst us in 
practical mechanics and machinery — by which both 
were to do the work the machinist wished them to do. 
In giving this mechanical life difliculties of a veiy 
prosaic kind came up fast and thick, which were 
never thought of apparently by the early theorist 
or writer : at lefust, if thought of, not being deemed 
worthy of any notice by them in their prelections, 
certainly not of that special chameter explaining how 
they were to be dealt with in such a way as to be of 
really useful service to the practical man. And the 
task, so truly to call it, of mastering difficulties, 
which the machinist or (to use the term so generally 
then employed) the mechanic had to undertake, was 
not only of the highest degree of severity, but it 
lasted long, for it was made up not only of a vast 
variety of details more or loss minute, but each detail 
demanded many and repeated trials before the best 
way of executing it was discovered and given place to 
in the workshop, as the best way of working it out, — 
at all events, if not universally acknowledged as the 
best, at least admitted to be the nearest approach to 
the best possible, under the circumHances of the time 
•ud of working then existing And those circum- 
stances were such as for a long time precluded the 
)H)88ibility of arriving at the best way of doing the 


work connected with the practical construction and 
making of machines and their various parts. In 
many oases the best way is not even yet arrived at,^<-fa 
fact which is evidenced by and lies at the root of the 
number of devices which are brought out from time 
to time to make some section mr some part move 
perfeet than it has before beem 

OoaditiosB under whiek the fraetieal Kaehiaiiti tu the Earlier 
Periede of Medem Work did Work. 

Following up the present line of inquiry, it will be 
useful here to glance at the conditions with which the 
early machinists had to contend, and at the deductions 
from these, which the young technical reader will 
find to carry with them matter of great practical 
value. Some of the difficulties with which the early 
machinists had specially to contend wo have already 
hinted at. But they may all be considered as arising 
out of three conditions of the materials with which 
they had to work — namely, weight, strength, and 
friction. 

The theorist or writer who had so long dominated 
in the region of mechanics — using here the then 
generally employed term — found it an easy matter so 
to arrange his diagrams that movements w’ere got out 
of them, so to say, in the easiest possible way, os such 
conditions as we have just now stated in no way were 
taken into account. But the machinist knew in the 
most convincing of all ways that in designing move- 
ments the parts he had to deal with in giving them 
“ mechanical life ” possessed weight, which veiy weight 
in itself gave rise to mechanical difficulties, foi* as 
motion was the result or object, the very movement 
of a heavy part — itself the cause of motion in another 
part — demanded a certain amount of force. And a 
certain amount of force only being supposed to be 
available, it is ubvious that the mere moving of this 
heavy part lessened the amount of the force he had 
at command for the doing of the final work designed. 
So that the practical result vras tliat he could do less 
work, and this simply because he had to devote so 
much of it to the moving of the heavy part which in 
itself was only necessary to communicate a certain 
movement, or ti’ansfer motion from one i)art to another. 
The machinist would Lave been only too glad to 
have found even the least approach to^the conffition of 
matters of the theorist, to whom weight of materials 
was of no concern. But things being in actual work 
so vitally and e&sentially different, his first impulse 
would be to approach as near as possible to the 
theorist’s position and make his parts as light as 
possible ; for the lighter they were the less would be 
the amount of the force which they would take, and 
the more they would leave of it for the work finally 
to 1^ done, and for which the machine was in fact to 
habits existence. 

But at this point considerations connected with 
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the second condition of the inaterials with which 
the early machinist worked would force themselves 
into notice. In his desire to save power or force, or, 
what was the sazae, to have as mudh of it as he could 
to do the final work of tine machine, in making his 
moving part very light he wonld find that in propor- 
tion to this he wotdd make it very weak, Now^ from 
the very first, at least at a very early stage of the art 
of machine constraciion, the mechanic would perceive 
that if there was any one feature which was more 
essential than another to the working life or the 
existence of a machine, it was that of strength. For 
however beautiful, in his estimation, might be the 
motions, and however accurately and even elegantly — 
according to the standard of the times — its frame- 
work might be designed, if it could not hold together, 
and with such strength and stability as to do the 
work without ** breaking down,” it was worthless for 
the practical purposes of doing work. And it was 
in the doing of work where all the difference lay 
between the labours of the theorist or writer and the 
work of the mechanic. Common sen^e would indeed 
sliow him this. And, as we shall shortly see, tin's 
human attribute has a much closer connection with, 
and a much higher practical and pecuniaiy value in 
the actual work of the machinist than it is by many 
supposed to have. 

Now, to gain this essential strength or practical 
capability to do its work or overcome the resistances 
which that work created, the machinist would take 
care to give what is called “ strengtli ” enough, by 
the abundant use of material ; and we know that 
the machines of the early periods of the history of 
machinery were undoubtedly heavy and clumsy. The 
early machinist was thus placed l)etween two fires, so 
to say, or opposite and opposing forces— one demanding 
lightness in order to save power or force, the other 
heaviness or weight, to give the strength without which 
that power or force could not pmctically be made 
available in doing the work, as well as care in making 
or forming it ; and it was only after long experience 
that machinists arrived at that knowledge by which 
they obtained the maximum of strength with the 
minimum of material or the lowest weight or mass, 
and which also showed that the heaviness or weight 
in did not give strength to a part, but that form and 
section played an important part in this respect. 
Some, indeed, have not even yet acquired this know- 
ledge, as may too easily enougli be evidenced in 
examining a widish range of modern mechanism. 
Some, if not of our earliest machinists, at least of 
those who flourished a good many years ago — ‘‘born 
engineers,” as they are called — seemed to possess this 
knowledge naturally; the right proportion between 
the strength which the force or power on the one hand, 
and the lightness wliich the saving of it on the other, 


demanded, seemed to be arrived at by them intuitively. 
And to such machinists wo owe some of our best 
examples of mechanical parts, both as regards weight 
or strength and the form or configuration by which 
that was given. Of the various schools of mecham'sm 
which became localised or found a home in various 
parts of the kingdom, that of Manchester, if not the 
first established, assuredly the most practical, was 
notable for the number of so-called *‘bom engineers ” 
which it possesFed, and to them we owe possibly the 
highest examples of this, what some have claimed 
to be called the ^‘national school of engineering.** 
But it is scarcely necessary here to say, holding or 
endeavouring to hold the balance evenly as between 
contending claimants for mechanical precedence, that 
much as has been done, much as is being done daily, 
by the ** Manchester school of mechanical engineering, 
other localities have hhd a large share in placing it in 
the secure and highly cultivated condition we on all 
sides see it to be ; and it would not be a difficult matter 
to prove that there are many other localities through- 
out the kingdom which have contributed largely to 
this condition of the art and science, — so much so 
that the truest way of putting the point is the 
somewhat tautological phrase that the formation of 
the national school of engineering has been the work 
of the nation generally. 

ConditioxiB under wliich the Practical Machinists in the Earlier 

Periods of Modem Work did their Work (continued). 

In preceding paragmphs we passed in rapid review 
some of the points connected with the early times of 
mechanical engineering, as conveying lessons of some 
value to the machinist of the present day. And in 
the latter part of these we took up the subject of the 
conditions under which the early machinists did their 
work. From what was given under this head the 
technical reader would be able to draw some sugges- 
tive matter of practical value to him in his study of 
the general subject. But such information of this 
useful character as tliis special subject named above 
is so well calculated to give is by no means exhausted. 
A treatise, and by no means a small one, could easily 
enough be written upon it, and its value to the 
machinist of the present day it would not be easy to 
over-estimate; but our s|>ace being at the best but 
limited, we shall confine our remarks to the leading 
features only of this most suggestive theme. 

In a preceding paragi'aph we pointed out the two 
conditions of the materials and the forms they had 
to assume ’ in practical mechanism with which the 
early machinists had to deal. In their work con- 
nected with the third and last condition of those to 
which we now direct attention, they had difficulties 
to contend Avith of the like diameter to those we have 
named in connection with the two first. The diagrams 
of the theorist, considered purely as such, or of the 
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wiiters of the works W’e have already pointedly re- 
ferred to, would show cleai'ly enough — and for that 
matter it might be absolutely accurate — how by a 
tsertain combination of lines and circles certain motions 
would be produced, if those took form in a material 
way in the shape of links, connecting-rods, wheels 
and pulleys — those placed under the influence of a 
certain power or force. But to fit them for this 
influence involved considerations which the practical 
machinist was, as in the other instances we have 
named, compelled to take into account. For in 
putting the parts together, he found that when in 
motion those which had sliding or rubbing recti- 
lineal, and those which had revolving or circular 
motion, were in (heir motions opposed by a something 
to w’hich the name of “ friction ” has been given, 
and to overcome which w’as just as necessary as to 
find a force or j)ower to do the work or overcome its 
resistances. So potent w^as this power that he was 
inclined to look upon the w’drk done as being repre- 
sented by the fiiction induced in the moving parts 
employed to do it. 

To lessen the loss of the force or power at his com- 
mand, the early machinist w^as compelled to arrange 
the parts of his machine which had motion so that 
they could woik with the least amount of friction ; 
and as links or levers had to be connected wdth or 
jointed to each ether, wdjecls and pulleys to be hung 
on tlieir axles, the diflerent foimsof pins, studs, joints, 
fpindles, shafts, and tie beds cr bearings by which 
they were held tcgcther, supported, moved, or worked, 
were devdsed. And howewer easy it might be to 
design them — and this existed in varying degrees of 
difiiculty — it was by no means an easy thing to con- 
struct them or carry tiicm out into juactice. The 
very lack, indeed, of the aj)pliances by wbicli mechanical 
work w’as done, and to which we have had occasion to 
refer as a most iinpoi’tant factor in the question of 
mechanical progress, made it so difficult a work that 
for long all the parts wc have named w^ere of the 
roughest and rudest kind. And in examining ti e 
work of the “old mastei-s in mechanism, it is “sad 
to see how painfully difficult it was for them to 
secure even passably good work. When we state that 
work not one whit better is still to be met with in 
some machines made in the present day, and in face 
of all tlie experience of the past, which is as open to 
them as to others, and in view of the command of all 
the tools and machine tools within their reach, the 
technical reader should be able top3rceive the, to him, 
pi-actical value of the lesson which the fact is so well 
designed to teach. 

The Application of Theory or Boienee to the Oonetmotion of 
and the Forme need by the Early Maohiniete. 

We now, in our rapid review of the early progress 
of mechanism, arrive at the period in which, taking 


up the machines and the forces which their ^m- 
ponent parts had assumed as entirely owing to the 
labours of the early machinists, men of science 
turned their attention to the thorough investigation 
of mechanical problems and work, and deduced for- 
mulae and recorded rules and calculations of great 
value to the practical machinist in his work. 

In meeting the difficulties connected with the 
materials which they had to use, the early machinists 
gmdually brought into existence certain forms in 
what may be called the stable parts or framework 
of machines, and in the movable parts or motions. 
Those in point of numbers were not many, and as each 
part had a certain definite duty to perform, they 
rapidly l)ocame stereotyped, so to say, and were again 
and again used whenever the peculiar cii*ciimstances 
of the machines demanded their employment. But 
as the necessities of various trades and industrial 
processes gave rise to “ order '' after “ order ” for the 
machinist to supply machines calculated to aid or to 
supersede manual labfjur, the ability to design and the 
skill to construct ineieased in even a quicker ratio 
than the demand for their exercise. But the parts 
which we have named as liaving hecomo stereotyped 
or establislied in use did not increase in anything 
like the same proportion. In point of fact, they re- 
mained almost stationary as regards numbers. What 
progress was made was only or ch.iefly in greater care 
being taken in their constiuction and their altera- 
tion in some parts of their foim in accordaneo with 
the increasing demands for what is called “ taste ” or 
elegance. And it is curious and most suggestive to 
note that, as in the carefulness in execution or con- 
struction, including fitting as w^ell as making, piogress 
could be made up to a certain j)oint, and that a very 
limited one in its range, where handicraft tools and 
skill wTi'o alone employed, the demand foi* a class of 
-work higher still both in efficiency and in the economy 
of time brought into existence those machine tools 
w’hich in themselves aflcid, perhaps, even more strik- 
ing examples of what the modern machinist has done, 
and can do, than the very machines themselves whicli 
are made by these means. The class of machines, for 
exi^mple, which have been brought out to meet the 
demand for flat or rubbing surfaces absolutely “ true,** 
or as near “mechanical tiuth*’ ns can be obtained 
afford instances of mechanical ability to design, and also 
as of consequence to construct, of a very remaikable 
character, well worthy the patient notice of the 
technical reader. The dual connection here named 
he should also take special note of. For it is obvious 
that a machine tool which is to give mechanical truth 
to a part of another machine which is in process of 
beinjkmade must itself be made with great accuracy — 
must^ in fact, be true itself, for truth can never be 
the result of error. 
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Frocesseb. 


CHAPTER XIII. 

Xeohiinism of the Blowing Engine (continued). 
Continuing oar description of the mechanism of the 
blowing or blast engine (fig, 4, Plate CLXVII.), we note 
that in the upper movement of the piston the position 
of the valves relative to it is changed; and we now see 
the valve i or g at bottom of chamber d d open as at 
giving access to the air from chamber d d, as shown 
by the arrow 5. Tlie valve at upper end of chamber 
d d h now closed, as at k, preventing the air above 
the piston h from passing from the upper space a a 
of cylinder to the air chamber dd. We see now how 
the upper and lower parts of the cylinder above and 
below the piston are supplied alternately with fresh 
air from the chamber d d, this obtaining its supply 
from the external atmosphere through the orifice or 
pipe e. 

We have now to trace the course of the air thus 
supplied alternately to the spaces above, as a rt, fig. 4, 
l*late CLXVTI., and below, as a* a', of the cylinder, 
as it is impelled by the piston moving alternate!}'’ in 
the direction of the arrows 3, 4' and 7. On the side 
i>f cylinder a a a opposite to f there is another 
chamber, 1 1, which is also provided with two valves, 
one at top, as at 7/1, the other at bottom, as at n. 
Supposing the piston h to be moving downwards : the 
air has previously been supplied to the under part, 
a' a', of the cylinder from the chamber d dy through 
the valve at g which opens as at j hi the upward 
movement of the piston 6, as already explained. As 
the piston h descends the valve n opens, as shown in 
the diagram at J, while the vfilve rn closes, as at k. A 
stream of air is thus, by the piston/^, pressing down wai-ds, 
impelled or forced through the open orifice j into tho 
interior of the chamber I ly while the air previously 
forced into it is prevented from passing out of it by 
the closing of the upper valve w, as shown at h. 
When the movement of the cylinder is reversed tho 
upper valve at m is opened, as at hy the lower at n 
closed, as at t, and the air at the upper side a a of the 
piston 6 is forced through the valve w, as at 4, into 
the chamber I ly while air from it is prevented from 
passing out by the orifice at ti, by its valve closing as 
at i. The only way by which the air thus forced into 
the chamber 1 1 can pass out of it is by the pipe 0 , as 
shown by the arrow 0 , and this pipe leads directly to 
the blast furnace. 

Action of the Blait in a Blowing Engine. 

We thus, in tracing the action of the blast 
or blowing cylinder and the course of the air im- 


pelled by its piston in the opposite and contrary 
direction from top to bottom, and vice versd — find a con- 
tinual changing into opposite and contrary positions of 
the valves h (/) and t (g) and k (m) and j (n). Thus, 
while the piston h is descending, the valve h {/) is 
open and its opposite valve k (m) is closed ; and when 
the valve j (n) is open, its opposite valve i {g) is 
closed. And the same relative condition is maintained 
when the piston moves upward : the valve g (repre- 
sented by^) is open, while the opposite valve, w (repre- 
sented by i) is clo.sed ; the valve f (represented hy h) 
is closed, while the opposite valve m (represented by k) 
is open. These relative positions are shown in the 
lower diagram, which is that assumed when the pi.ston 
h is descending, the upper pait of cylinder a a being 
filled with air through the valve h, tlie air in tho 
space a! a' below tho piston being forced through the 
valve orifice y into the chamber 1 1. 

There is thus a continual interchange of position of 
valves and piston ; resulting in a continual supply of 
air to tho chamber I ly and through the pipe o to the 
blast furnace interior. But although this supply of 
air to Z Z is constantly kept up, tho passage through 
the delivery pipe is not uruform in tho velocity with 
which it is impelled by the force of the piston a.scend- 
ing and descending the cylinder. This is evident 
when we consider that the motion of the pi.ston is 
alternating, and that there must be a halt or stoppage 
in Ibis, at the point where tlie motion of the piston is 
about to change from tho down to tho up direction, or 
rice versd. This halt, so to call it, is in practice very 
brief, but it results in a decided influence upon the 
uniformity of tho blast. A like condition of circum- 
stances arises in the use of a force pump in supplying, 
for example, a fire engine with water to ho foi-ced 
through the hose or flexible pipe. The stream of 
water forced through it, while constantly kept up, is 
not uniform in its blow ; but a lessening of its velocity 
is coincident with each change in the direction of tho 
plunger of the pump. To insure uniformity of dis- 
charge from or flow along the hose, the water is de- 
livered from the pump into a large air-tight receptacle 
termed an air vessel. The delivery pipe is laid near to 
tho bottom of this, deriving its supply from the water 
in the lower part of the air vessel ; while the air in the 
upper part of the receptacle, lieing compressed in tho 
upper space by the volume of water occupying the 
lower, presses like a spring upon tho surface of the 
water,, and thus forces it through the delivery pipe in 
a stream of 'uniform bulk and velocity. In the blast 
furnace blowing cylinder, which we have just described, 
a similar effect, or nearly similar, is produced by 
making the delivery pipe o of considerable diameter 
and length, so that it forms a large chamber which, 
although receiving a succession of volumes of air at 
intervals only, acts as a space in which the separate 
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volumes of air delivered to it are, so to say, blended 
together that they reach the blast furnace in a stream 
or current possessed of practically uniform velocity 
and pressure. This pressure is obviously given to the 
current of air passing along the delivery pipe o by 
the great force with which the piston h is forced down 
or lifted up in the cylinder a a, fig. 4, Plate CLXVII. ; 
and the amount of pressure is such that it is able to 
support a column of water equivalent to 2 to 5 lb. 
pressure per square inch. 

The diagram in fig. 4, Plate CLXVII., illustrates 
only a general principle upon which the blast of air to 
the delivery pipe o is produced by the ultimate move- 
ment up and down of the piston h in the cylinder a a. 
It does not attempt to show the arrangement and 
mechanicjil construction of the cylinder, its valves and 
chambers. These vary with the varying notions of 
engineers and machinists, the groat object aimed at 
in all being the supply of air to the blast furnace 
in a current as uniform as possible — and this effected 
by movements in the cylinder and valves so that the 
great and continuously created shocks arising from the 
quick opening and shutting of the valves of so largo 
an area, and subjected to so groat a pressure by the 
piston, shall be reduced to a minimum. How great 
the effect of those constantly i‘ecurring shocks can 
only be realised by a practicral acquaintance with the 
working of blast engines. When the valves are not 
properly adjusted, or the mechanical arrangements are 
defective, the noise and vibration present in the blow- 
ing engine house are somewhat bewildering, if not 
alarming, to the inexperienced. The kind of valves to 
be used, their arrangement in rehition to the cylinder 
and its chambers, their construction or fitting, the 
velocity with which they should be worked, are points 
of detail in connection with blowing engines which 
have furnished a fruitful source of discussion amongst 
engineers and machinists devoted to the design and 
construction of iron-making machinery and appliances. 
Although the centrifugal revolving fan or fanners 
are used so universixlly by iron founders, they may be 
said to be altogether excluded from blast furnace 
work, although it would appear at first sight that the 
advantages of their continuous circular compared with 
the alternating reciprocatory movement of the blowing 
cylinder would be so great — if in nothing else than in 
the uniform character of the blast produced by it — 
as to have insured its general use, to the exclusion of 
its more ponderous and complicated mechanism. But, 
as we have said, the fan is never practically used in blast 
furnace work, the blowing cylinder universally. The 
only exception to this is perhaps met with in the case 
of the form of blower known as Root's Ventilator, in 
which the motion is, like that of the fan, continuous 
and circular, but in which the current is produced by 
totally different mechanical arrangements. 


Tempmtnre of the Air blowa into the Blast Vumaoe in 
and ««Hot Blaeti.*' 

For long after the introduction of the modem 
blowing engine, which gave a power of producing 
higher and more equally sustained temperatures in 
the blast furnace than had before been within reach 
of the iron’ maker, the air delivered to the furnace 
was at the same temperature, or thereabouts, as the 
ordinary air from which the blast cylinder derived 
its supply. In other words, the blast was a cold 
blast." Most of our readers will have an acquaint- 
ance with the term hot blast " used in the technical 
language of “ The Iron Maker." To those who know 
but little more than the term, we now explain what 
it means. Up to a period but a trifle over half a 
century ago, the iron makers universally — for no 
exception is known — held a decided opinion that the 
colder the air of the blast the larger the produce of 
the blast furnace. This was apparently corroborated 
by, if indeed the opinion was not based on the fact that 
the produce of blast furnaces was higher in the cold 
weather of winter than with the warmer temperature 
prevalent in summer. No one disputed this fact, nor 
apparently conceived that there was any other reason 
for its existence than that now named. Hence, efforts 
were made, and in some instances special appliances 
used, such as passing the air to supply the blast in 
contact with cold water, to cool the heated summer air 
as much as possible. So far as the history of the 
trade tells us, no one seemed to conjecture that there 
might be some other cause for the gimter produce 
of blast-furnace working in vunter than the colder 
atmosphere then usually existing. It is now, however, 
known that the real cause of the greater efficiency 
of a cold winter blast than a hot summer one was 
that the winter air was much freer from moisture 
than the summer air. Some of our readers may 
express surprise at this fact in physics ; but if they 
will refer to any paper which takes up the subject 
of “ artificial drying," they will find it explained, and 
will understand how it is that the warmer the summer 
air is the greater is its capacity for taking up and 
holding moisture, which is supplied in abundance from 
the soil and other sources. 

It was, then, the dryness of the colder winter as 
compared with the moist state of the hotter summer 
air which gave the value to the former for blast- 
furnace or iron-making purposes. But no one seemed, 
to have discovered this, or, if so, had made any prac- 
tical application of it. In the year 1829, however, a 
Mr. Beaumont Neilson, at the time a manager of the 
gas works at Glasgow, conceived the idea of warming 
or heating the air which was to be passed into the 
blas^umace by the blowing machine by means of a 
speml furnace applied which intervened between the 
blowing engine and the blast furnace. 
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CHAPTER XIII. 

Bettemer Fig Iron.->Cait Iron ipoeially adapted for the 
Beeeemer Prooeie {continued), 

Wb have, in the preceding chapter, stated that of all 
the ores used in this country those of the celebiated 
Cleveland” or Yorkshire district might be said to 
have the pre-eminence of being amongst, if not 
actually, the most debased with phosphorus and 
sulphur. Yet, so complete has been the success of 
the Thomas-Grilchrist method of dephosphorising and 
desulphurising those Cleveland ores debased so highly 
with these elements, that tons upon tons of good 
Bessemer steel are now being made daily and rolled 
into ‘‘rails ” at tlie celebrated Eston works of Bolckow, 
Vaughan, & Co., near Middlesbrough, direct from 
the “ Cleveland ore ” cast iron produced in the blast 
furnaces. In cases where the Thomaa-Gilchrist process 
of dephosphorising is not adopted, and where the iron 
is to be cast of the quality best calculated for the 
making of the Bessemer steel, care is necessary to 
insure a mixture of ores or to use a quality of ore such 
as the hamatite ore from which the Bessemer pig is 
made, in order to secure a cast iron for re-meliing as 
free from phosphorus and sulphur as possible. How 
this quality of metal can bo in great measure obtained 
by judicious care, we shall presently see. In other 
cases the direct process may not be attainable, and the 
roundabout, or cupola, or re-mel ting method remains 
absolutely necessary, from the circumstance that the 
steel works may he purely such, the producing of cast 
iron from the crude ore by the ordinary blast furnace 
not forming a part of the same establishment. In this 
case, unless cast iron of good quality — that is, free from 
phosphorus and sulphur — is purchased, re-mclting them 
in* the cupola is an essential part of the process. 
These qualities of deteriorated or debased pigs are 
generally mixed with spiegeleisen and ferro-man- 
ganese, in order to secure the proper percentage of 
carbon and manganese. We shall presently have 
more to say on those two constituents of mild steel, 
in referring, as we are now about to do, to some of 
the difficulties attendant upon the introduction of the 
Bessemer process ; in noticing which some points of 
interest on the subject of steel will incidentally arise. 

In carrying out certain proces.'^es it is often found 
that the results vary, and this in such a way, so unex- 
pected, uncertain, or capricious, that the discoverer or 
inventor is fairly puzzled ; and so puzzled that it is 
sometimes long l^fore he finds the “ riddle ” out — not 
seldom never finds it out at all. It is too often 
assumed that the materials employed or operated 
VOL. nr. 


upon are homogeneous and alike, while the reality 
is that they are very different; or may be placed 
in such conditions that an action takes place which 
changes their direction and renders them unfitted 
for the process. On the other hand, the process, 
while thought to be as good for any one class 
of material as for another — that is, for any one 
class of several classes — is in reality only adapted to, 
and can show its powers when operating only upon 
or through one class. This latter was the position of 
the Bessemer process. The iron and steel trade 
can furnish more than one example of this truth, — a 
process which has been successful while opemting 
upon the one material for which it was alone adapted, 
failing and always failing when it was applied to 
other materials not adapted to it. If the “ mountain, 
tliereforo, would not come to Mahomet, Mahomet 
must go to the mountain.” Tlie Bessemer process evi- 
dently possessed a potentiality of power — so somewhat 
tautologically to put it — capable of doing great things 
fi“om some material, if that for which this process was 
fitted could be found. If it could not succeed w’ith the 
whole of the generally used classes of iron ores, could 
the one ore for which it was fitted be discovered 1 Tlie 
point involved in this question wtis one of immense 
importance, considering the interests at stake; and 
by one of those fortunate circumstances ^vith which 
the history not only of our iron and stool, but 
of other manufactures, may be said to abound, it was 
answered, and completely, — circumstances or con- 
ditions which have always existed ready to be availed 
of, and often easily and directly applied, w^aiting 
for the hour at which they were most urgently re- 
quired, and the man by whom they could be so 
applied. The question itself, after all, was one of 
extreme simplicity. If the ordinary pigs of iron, or 
what may be called the average quality of cast-iron 
pigs, obtained from the ores of the general mines of 
the country, do not, when subjected to the action of 
what W’e may here call the Bessemer blast, operating 
through tlie agency of the Bessemer converter, yield 
the desired product of a metal so free from sulphur 
and phosphorus that it can be “ worked,” and 
this from the fact that the ordinary pig iron is so 
“debased” with impurities that the process cannot 
eliminate them, is it possible to procure pig iron either 
so free from debasing constituents or in such a con- 
dition that the Bessemer process by its action produces 
an iron practically free from those deteriorating 
substances ^ In the pig iron of the Cleator district, 
made from the rod hcematite ore, the required con- 
ditions were met with ; for it was so largely free from 
debasing constituents that it w^as exceedingly well 
adapted to the Bessemer blast and converter. So 
much so, and to such an extent was it employed by 
Sir Heniy Bessemer and those working under licence 
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from him that pig iron made from the ** red haema- 
tite” ore of the Cleator district, and what are 
known to the trade as Bessemer pigs,” became 
convertible or synonymous terms — only that the 
latter phrase was the one really used to designate 
the pig iron of the district, the “ Bessemer pigs ” 
being made almost exclusively as they were extensively 
from the Cleator ores. How happily the discovery 
was made of the applicability of those ores to the 
peculiarities of the Bessemer process may be gathered 
from this statement, — that as compared with the 
average of no fewer than thirty high-class pig irons 
made from the ordinary ores in use throughout the 
kingdom, the Cleator ores contain but little more 
than 50 per cent, of sulphur, and less than 
25 per cent, of phosphorus — carbon and silicon 
being slightly in excess. But taking the low-priced 
and commonly used pig iron of the Cleveland district, 
while the sulphur in that of the Cleveland district 
and the carbon and the silicon were about the same as 
just stated, the difference as regards the phosphorus 
was still more in favour of the Cleator red haema- 
tite pigs, as they only contained about 6 per cent, 
in place of 25 per cent. This adaptation of the 
Cleator pig irons to the capabilities of the Bessemer 
process was, as we have said, one of the happy hits 
made by what men called chance or good fortune; 
it was not traced out, followed up, and made by theo- 
retiail considerations or scientific deductions — as other 
discoveries in the iron trade have been made. Tliose 
Cleator or red haematite ores fell into their places, as 
Mr. Williams inclines to think, by a ‘‘ process resem- 
bling natural selection,” which here, as in the animal 
and vegetable world, has determined the survival of 
the fittest. 

Spiegeleisen and Ferro-ManganoBe in the BeBsemer ProooBB. 

We have referred to the use of spiegeleisen and 
fcrro-manganese along with the special quality of 
pig iron used in the converter in the making of steel 
on the Bessemer process ; these substances being used 
in order to get in the steel the required percentage 
of carbon and manganese. We have in a preceding 
chapter shown the important part the element of 
carbon plays in the constitution of steel, but it will 
be well here again briefly to refer to this important 
point. Important in steel as the element of carbon 
is, it will surprise many of our readers to find how 
exceedingly small the percentage of this element or 
constituent is in steels of all qualities ; and still greater 
will be his surprise to note how exceedingly minute 
the difference is between that proportion of carbon 
which gives a certain quality of steel, and that other 
proportion of carbon which gives a quality of steel 
in some cases of a totally different character as 
regards its constructive peculiarities. The qualities 


which wrought iron possesses are well known to every 
one : it can be hammered when heated, and drawn out 
or greatly extended in length. To these qualities of 
malleability and ductility a third quality and a highly 
useful one is added — namely, that of considerable 
tensile strength — that is, a capability to resist the 
force of tension which tends, in drawing out the 
fibres of the metal, to separate or tear them asunder. 
How, by altering the condition of the iron — by “ ad- 
justing,” so to use this expression, the percentage of 
“ carbon ” present or to be present in it — we can bring 
about changes more or less decided, and some of them 
very remarkable in the constructive influences, in the 
character or quality of the metal. We can thus 
increase to a large extent the quality of tensile 
strength — that is, give the metal a capability to resist 
strains tending to pull it asunder — ^by adding carbon 
to the iron. And what we have above alluded to — 
namely, how very minute are the actual amounts or 
percentages of carbon required in all cases — will be 
seen when we state that this difference in the 
qualities of the iron jtist alluded to can be secured 
by the addition of so small a percentage of carbon as 
1 per cent. When this percentage is present in iron 
we have a steel which has an increased tensile strength 
as compared with the wrought iron ; this tensile 
strength being equal, on an average of specimens, to 
a resistance of a pulling strain of sixty tons per 
square inch of section. But while we have increased 
the tensile strength, or its power of resisting a 
pulling strain, we have reduced the ductility of the 
metal — so much so that it cannot be used for many 
constructive purposes. And from being tough, as 
was the iron up to a certain limit, we have got by 
this small addition of carbon a metal brittle and 
easily broken, to a greater or less extent. At the 
same time the metal has received other properties, 
for it is capable of being tempered or hardened, so 
that it can take or receive a fine cutting edge; in 
other words, it has the propeiiiies of the metal we 
know by the popular term of steel. 

To obtain, then, the different constructive properties 
in the mild steels produced by the Bessemer process, it 
is necessary so to proportion the percentage of carbon 
as to give the metal precisely the qualities or char- 
acteristics which are required; and it is in doing 
this that the very minute differences between the 
percentage present in or given to different qualities 
of metals, and to which as a most striking and 
suggestive fact in metallurgy we have referred, is 
observable. Thus, a steel of great ductility, that 
is, capable of being drawn out, but of a low tensile 
strength, or a small capability to resist a pulling or 
drawng-out strain, is obtained with so small a per- 
ceimge as one-thousandth part of carbon. 
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HiB Tools, Implements, Machines and Materials. 

—The Peinoiplbs of his Wokk in its Various 

Departments. 

CHAPTER IX. 

Cliemiitry of the Soil ai affecting iti OnltiTation (continued). 
At the conclusion of the preceding chapter we offered 
some remarks as to the character and nature of the 
soil used as a seed-bod for farm crops ; and we con- 
cluded by stating that, although we did not prac- 
tically know the depth to which plant roots could 
descend into the soil, there was but little fear of our 
giving a depth of cultivated soil too great, even 
though we now had at command steam power to aid 
us in soil stirring. It is, however, gmtifyiiig to know 
that we possess machinery worked by steam capable 
of giving us everywhere a depth of porous soil 
which, with few exceptions, is not at present to be 
found in the farming of Great Britain. And it 
is on the further and fuller development of this 
mechanical aid that we do not hesitate to say lies 
the future of the great extension of agricultural 
improvement, which we fully believe will be carried 
out when more correct views of the situation are 
held, we do not say by farmers, but by other branches 
of the community, who will see clearer than they see 
now, how there can be no national work of greater 
importance than that which will so largely increase 
the national food resources. Many farmers do not 
require to be convinced of this; but unfortunately, 
while they would gladly do their share of the work 
connected with this extension of productive farming, 
they have not the means at disposal. When the 
more enlightened views to which we have alluded are 
nationally held, we shall see capital put into farming 
in a very different and infinitely more efficient way 
than it now is. Meanwhile, while steam power is so 
neceasary to insure all the advantages of this increased 
power of the soil to produce food, much can be done 
and is being done to gain some of the advantages of 
deep culture by the designing and use of implements 
capable of being worked by power at the command 
of every one. This deep or porous soil, in which lies 
so much of the increased productive power of the 
future, cannot, we say, be too deep. If the plants 
do not require to go down to its limit in search 
of food, they will not; but some may require to 
do so, and under the condition w’^e advocate there 
will be no hindrance to their doing it. If there 
be a magazine, as there assuredly is, of fertilisers 
below our soil, which the deep stirring of it can only 
unlock, it seems, to say the least of it, but a stupid 
thing to do, not to open it up, so that we can use it, 
if we may, or as all science is teaching us, if we must, 
in order to increase our food supplias. And, we again 
repeat, steam cultivating mechanism, in its greatly 


improved condition, gives us the power so to unlock 
this treasure of fertility, now pi*actically closed to the 
British farmer. 

Poiotity of the Boil. — Oenainatioxi of Seed Its Belation 

to the Temperature of Soil. 

This porosity of the soil lias the closest relation to the 
germinating of the seed, and in connection with what 
we have said alxive is essentml to the farmer and the 
mechanic who helps him to obtain it. To germinate 
properly, the seed must not be exposed to the action 
of light — it must bo kept in a dark condition. And 
yet, while it is so maintained, it is just as essential 
that the atmospheric infiuences penetmie to and act 
upon it. Unless they do so the germination proper 
will not take place, the root will not penetrate into 
the soil below, nor the plant germ protrude itself 
through the soil above ; nor the clianges go on which 
tmnsform the starchy matter stored up in the seed 
into the sugar essential for the promotion of plant 
life. But a porous soil answers all the conditions. 

In one sense cultivation of the soil may be said to 
be the promotion and the maintenance of its proper 
temperature. To secure this, porosity in it is essen- 
tial. Whore stagnant water or moisture exists, the 
temperature of the soil near to or surrounding it 
must always bo low. And a low temperature simply 
means a failure of the, or a failing, crop. A surface of 
soil more or less hardened is one favourable to the 
retention of wet, which collects and remains there 
a longer or shorter time. And even when the method 
of cultivation adopted pulverises the upper soil, 
but only, as nearly all methods in use do, to such 
a small depth that it is a mere scratching of the 
surface, the water from rain or melted snow may 
not remain on the surface, but descend ; still it 
can only descend for a short distance, and be only 
a little removed from a surface-lying condition. 
In either case evapoi-ation hikes place, and, as our 
readers know, evaporation is always accompanied, or 
lather followed, by the production of cold. It is the 
main object of under dminage of soil to prevent this ; 
but drainage only does half its work if the soil be 
not porous, and to a great depth. And it may be 
fairly questioned whether, if our soils were rendered 
thoroughly porous to a great depth — far, we mean, in 
excess of the mere surface scratching of the usual 
method — the necessity for drainage would exist. 
Certain it is that the plan of extensive di-ainage 
nowadoiited would be capable of such modification 
in the way of reduction, that a great saving in cost 
would be the result if this deep stirring of the soil 
were carried out. 

EyUb ariiing from Befeotive Drainage — Exhaling or 
Evaporative Power of Plante. 

Stagnant water in soil not only tends to reduce 
its temperature by evaporation, but it obviously pre- 
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vents the air from having access to it. And this 
accession of air, as we have shown, is essential to the 
due performance of the function of the plant both in 
germination and growth. Another point is closely 
connected with that to which we have now referred — 
namely, the exhaling or evaporative powers of plants. 
Few, comparatively, have any correct conception of 
the weight of water which the vegetation of trees 
and plants draws from the soil and exhales into the 
atmosphere. The eucalyptus, for example, amongst 
trees is remarkable for its powers in this way : so much 
so that its cultivation is being rapidly extended in 
marsliy and malarious districts, chiefly on account of 
the large amount of water it withdraws from the soil, 
acting as a natural drainer. The sunflower exhales 
moisture to the extent of from a pound and a quarter 
to two pounds a day of twelve hours, and an acre of 
corn as much as a ton of water. Equal diffusion of 
the moisture of a soil is an essential to its equal 
diffusion amongst the plants grown in a field ; so that 
germination and gi'owth may go on regularly and 
healthily — a result only obtainable by equal and deep 
stirring of the soil ; and the supplies maintained in the 
lower strata help to keep up the supply of moisture 
which the plants demand. The deposition of dew — so 
powerful in the maintenance of healthy and vigorous 
vegetation — is greatly promoted by the porosity of the 
soil. A poi’ous soil mdiates heat more freely than one 
hard and impervious, and the heat taken up during 
the day is quickly sent off from its surface, and 
cooling taking place, the dews are deposited in 
a ratio proportionate to the difference between the 
temj>erature of the soil and that of the surrounding 
air. Hence we find in practice that a j>orous soil is 
always better refreshed with dews than one in an 
opposite condition. 

Influence of a deeply stirred Porous Soil in preventing the 
Growth and Development of Weeds. 

Finally, the power of a porous, deeply stiri’ed soil on 
weed gi owth remains to be noticed. It is not necessary 
here to say much on the destructive power of weeds 
in drawing from the soil the fertilising constituents 
which should be given to the plants specially cultivated 
upon it. Tliis deportment will receive due attention 
in proper coui-se. It is scarcely an exaggeration to 
say that in many fields badly cultivated as much, if 
not more, of the fertilising constituents present in 
the soil is given to the weeds as is given to the crops. 
And let the fact be explained as it may — and it could, 
did spacesufiice, be explained here — it remains indisput- 
able that weeils do not appear so numerously and grow 
so freely in porous, deeply-stiiTod soil as they do in that 
which is in the opposite condition. This may be said 
to arise from the working of the soil, a necessary part 
of the system of deep culture, as much as from any 
special and direct influence which a porous soil as 


such exercises upon weed growth. But it matters 
little whether this be so or not: the practical fact 
remains that weeds do not grow either so numerously 
or vigorously in a porous, deep-stirred soil, as in one 
the conditions of which are the reverse. 

We have thus gone over the various points which 
influence the question of land culture. A know- 
ledge of them is absolutely essential to the farmer, as 
well as to the mechanic who proposes to help him in 
applying mechanism to the cultivation of land. Much 
as has been done of late years in the way of improving 
the cultivation of land by the application of steam- 
worked mechanism, we have no hesitation in saying 
that much more would have been done had the farmer 
and the mechanic worked more in combination with 
each other, the deficiencies of the one being made good 
by the acquirements of the other ; and had mechanics 
generally, and those specially who were interested in 
the application of mechanism to agriculture, given 
close attention to the study of the points to which in 
this chapter we have dmwii special attention, and 
others to which we shall have occasion yet to refer. 
It is truth to say — what we have said before, and it is 
well worthy of repetition — that no mechanism designed 
to effect a given work can be successful unless a 
thorough knowledge of the conditions of that work 
be had and applied. Yet the opposite of this is too 
often the case. We have said — and the vast import- 
ance of the subject justifies its repetition — that the 
future increase in the fertility of the soil lies in the 
application of mechanism in a way much more direct 
and systematic than that yet adopted. A wide field, 
therefore, lies before the farmer and the practical 
mechanic for the exercise of their knowledge, skill, 
and ingenuity jn solving the problem which the 
question involves. This problem will never, we 
venture to say, be solved by any one who is ignorant 
of its conditions. We should, therefore, have been 
wholly failing in duty had we neglected to place it 
before our readers, who may be believed to bo prac- 
tically interested in the subject. 

Soil!.— 'Their Leading Charaoteristice. 

A very slight acquaintance with farming life and 
work is required to point out, to the reader beginning 
to study it, the fact that there is a great diversity 
between the characteristic features of soils. Tliis, 
indeed, may be learned on examination even of 
the tiniest gardens in different localities, town and 
suburban ; and may, in fact, be traced in larger areas, 
a moderate-sized field giving examples of more than 
one class or quality of soil. This important depart- 
ment will engage our attention in a succeeding chapter, 
in igtiich their chemical as well as their mechanical 
peculiarities will be examined and described. It is 
the latter alone with which we have here to deal. 
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CHAFim III. 

Friotioal Imponanoe of the Confhiion of Ideaa arising from 
the Generally Accepted or Popular Keaning of the Term 
“ Design.*’ 

The point is one of great importance — not being 
merely a play upon words, as some may think our 
remarks to be. If the pupil reader, with the aid 
of what has been here given, and what otherwise 
will be, in papers in this work in which draw- 
ing and design applied to various materials are 
treated of, will only think the matter well over, 
he will perceive that, so far from being a mere 
trifling about words or terms, what has been siid 
involves principles or considerations of the highest 
import, closely concerning the true interests of the 
art of industrial ornamental design. One of the 
ablest masters, as he lijus been one of the most practi- 
cal teachers of artistic design as applied to industry, 
in discussing with the writer of these lines the past 
work and the future prospects of art manufacture, 
remarked that he knew of nothing which had so 
greatly retarded the progress of this as the unfortu- 
nate — so he tei med it — name schools of design/* 
which had been given to those institutions the object 
of which was to teach the principles of artistic 
drawing and to show their application to manufac- 
ture of all kinds. This term has arisen from the 
fact that it was borrowed from the French term 
dessein, with a most unfortunate misconception of 
the true meaning of the word. 

The term or name school of design ** has, how- 
ever, got so thoroughly naturalised amongst us, that 
it is hopeless to expect that it wiH be changed for 
one much more definite, or rather, so definite that it 
will convey pi*ecisely, and no more nor less than, 
what is truly involved in the subject. ‘‘Artistic 
design,^* “ ornamental design,*' would be terms so far 
definite that no one could possibly confound them 
with such a term as “constructive design,** to which 
class of work we have shown that the term design is 
as truly applicable os to artistic design. But it would 
have been better had a name or term still more 
definite in its meaning been applied, such as “ artis- 
tic drawing ** or “ ornamental drawing ’* or “ art 
drawing,** or still moi'e simple, “ drawing.** Few but 
know what drawing is ; but seeing that there is more 
than one kind of drawing, such as mechanical or 
geometrical drawing, all obscurity would have been, 
and would be, avoided if certain of the terms above 
named — “artistic drawing** or “ornamental draw- 
ing** or possibly as better “decorative drawing** — 
had been daily, or were used. What remains, now 


that the term schools of “ design ** is so crystal- 
lised or solidified in our language, is to indoctri- 
nate the pupils as completely as possible into the 
true meaning of the term “ design ** and all that this 
meaning involves. 

The Term “Design** as involving a directly Practical 
Purpose. 

We have said that the term design involves a 
“purpose.** Much, very much, of the progress of 
the pupil in the application of the principles and 
practice of artistic drawing or ornamental drawing 
to the work of cabinet making — or, indeed, to that 
of any other branch of art manufacture so called — 
depends upon his thoroughly understanding all that 
is involved in this word “ purpose.'* If he intends 
to work at all, that work must be preceded by, based 
or founded in fact upon, something which he proposes 
or purposes. Let him keep this purpose steadily in 
view. What, then, is it that the cabinet maker and 
upholsterer — for it is difficult to separate the two 
callings — purposes to do? Put in few words, it is 
this. To make, in the first place, arthdes of furniture 
which will serve the purposes of that utility which 
is the very reason of their existence, the primary 
impulse which brings them into being. The second 
purpose he has in view is to give to such useful 
articles or objects such charactf'ristics as will make 
them pleasant for the eye to look upon. We prefer 
to put the point in these words rather than to use 
the tenn “beautiful,** which is so much disputed — 
or the phrase “ to gratify the taste *' — the latter being 
not a whit less disputed than the former term. 

Ornament and Conitrnction. 

This oflect, which we thus call pleasing to look 
upon, or pleasant to the eye, is obtained by two added 
features ; one is “ form,*’ the other “ colour.” When 
these are added we say that the “ constructed ** 
article or object is “ ornamented.** And we then come 
to the phrase about which much has been both sj)oken 
and written— “ ornamented construction.** As illus- 
trative of the confusion of ideas which has clustered 
most unfortunately round what is called “ art,** it is 
worthy of distinct mention here that this term “ orna- 
mented construction ’* has been applied with strange 
persistency to define what architecture is. Just as if 
buildings were the only objects in which construction 
was concerned ; as if we did not construct other objects 
— such as a chair, or, to take one larger and more expen- 
sive, though not a whit more useful in its way than 
a chair is— 7-a railway bridge or a scafiblding. We 
thus perceive what the “ purpose ** of the cabinet 
maker and upholsterer is in connection with what is 
generally called the furniture of a house. He has, 
or ought to have, a distinct purpose always in view — 
that is, he must “ purpose ** to do something. What 
he has to do we see, and it is beyond all doubt a dual 
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or twofold purpose. He has to consider the claims 
of the useful— of utility— and also thase of what, 
for lack of a more precise term, we call here orna- 
mental. 

Purpose in the Designs of the Cabinet Maker. 

It seems to be but a paradoxical way of putting 
the point to say, in respect of the first of those 
claims upon his “purpose,” that the cabinet maker 
must make his objects serviceable for the work 
they have to do, or they cannot be useful. This, 
however, is so far from being a mere play upon words, 
that it lies at the very root of the work to be done — 
although beyond a doubt this inherent importance 
is too often overlooked ; and so overlooked that while 
the second of the claims— that of ornament— is so fully 
met that the designer may arrive at an arningement 
of form and colour so effect ive as on all sides to be 
freely admitted that as an artistic design it was good, yet 
tlie object so ornamented might be utterly w'orthless 
for all purposes of utility. What conclusion, then, is 
to be drawn from this ? Mainly, the important canon 
or rule that all added ornamenty whelhet of colour or 
of forniy or it may he otherwise termed “ decora- 
tion f or of bothy must he suhserinent to the purposes 
of utility. This, as we have said— and it cannot be 
too thoroughly apprehended by the young cabinet 
maker— is the very reason of the existence of the 
object, tlie very, and strictly speaking, the only pur- 
pose for which it is made. A chair, if it suits the 
purpose for w^hich it is made, fulfils its ofiice perfectly 
so far as construction is concerned: and its owner 
can dispense with ornament being added to it, with- 
out any actual loss. It is only when a higher value 
is attached to the object, and something gained in 
another w’ay, that ornament is added to it. 

Utility an Indispensable Feature in the Work of the 
Cabinet Maker. 

Utility is therefore simply essential to be con- 
sidered ; and that being once secured, attention can 
then be turned to ornament. What, then, does utility 
convey? Clearly, two things: the object must possess 
“ strength ” to enable it to stand all the pressure put 
upon it — in other words, it must bo able to be used so 
as to stand “ usage ” ; secondly, it must be made to 
seiwe the purposes of “convenience” in use. Strength 
and convenience, or to concrete them into a single word, 
“ fitness ” for the purpose in view, must be duly con- 
sidered in aiming at the utility of an object. A chair, 
for example, might be made strong enough to resist 
the sudden descent upon its seat of the weight of a 
giant, or a Daniel Lambert, and to withstand every 
kind of cross strain he could put upon it ; and yet it 
might be so made that it would take a giant^s strength 
to move it from one place to another or even to lift it. 


Mobility thus forms a feature in the utility of certain 
objects of furniture, and givas rise to its two great 
chisses : first, those articles which are moved, or can 
be moved, easily from place to place in the room ; and 
second, those which, although not absolutely fixed, are 
so intended to remain in one position, as a rule, that 
they are termed fixed articles or objects of furniture. 

Fitneii and Convenience Pointi to be ooniidered in Fnmitnre 
Design.— The Work of tbe Old Cabinet Makers. 

“ Fitness ” for the pui'pose for which they are made, 
“ convenience ” for the way in which they are used, 
are, therefore, the essential characteristics of objects 
or articles of furniture. And these two may be 
summed up in the one word “utility.” And this 
attribute the objects must possess, otherwise they may 
as well not bo made. How far the attainment of this 
the primary purpose of all objects of furniture is 
secured, we have but to look around us with careful 
observation to see. The more this examination is made 
wdth scrupulous care and with a mind unbiassed by 
any tnide oi personal prejudices, the more clearly, we 
fear, will the truth be made known that in but too wide 
a class of furniture designing and making, and in too 
great a vaiioty of objects, the attainment of the attri- 
bute we have seen to be essential is far from being 
secured. In very many cases, indeed, this essential 
attribute of utility is attempted to be secured, but in 
a very perfunctory and careless way ; in not a few it 
may be said with all safety it is not secured at all. 
Many articles of furniture are daily disposed of, in 
which, for the strength which gives fitness wo have but 
flimsiness, for thorough convenience only clumsiness. 
Utility in such cases, in the practical sense of the term, 
does not exist, or only in the most straitened and nar- 
row of ways. To how much of the furniture of the 
present day is the sjiying thoroughly applicable — “ they 
are made to sell ” ? To be made for use has in no wise 
been considered by the maker. We may sneer at the 
inelegant clumsiness of the furniture of our forefathers, 
and contrast it with complacency with the trim, the 
pretty, and “ genteel ” (?) articles of our own day. 
But the comparison, if made with an honest purpose, 
is altogether in favour of the old-fashioned furniture, 
as, wdth a sort of pitiful tenderness, it is called. It 
might be, and very often, perhaps, as a rule, always 
was, clumsy and heavy ; but it was sound. It had 
honest workmanship about it : indeed, in every, even 
the minutest detail of construction, the most scrupu- 
lous care was taken to give the veiy best work of 
which the workman was capable. He then thought of 
something more than profit ; principle was not over- 
looked. So that of the workman of old it could 
be said, with almost universal truth, that he was a 
“ workman which needed not to be ashamed.” 

$ 
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OBVAMEVTAL WOBK IB HOULDIBGS. 

(BBXNa 0KB OB THE BUB-SECTIONS OF FORM AND COLOUR 
IN INDUSTRIAL DECORATION.’*) 

CHAPTER III. 

Ir the reader has attentively perused what, in the 
papers under the head of “ The Ornamental Draughts- 
man,” Los been said on the art of drawing, and also in 
the early part of the paper entitled ^‘The Building 
and Machine Draughtsman,” he will have no diffi- 
culty in deciding which of these methods of obtaining 
the lines of mouldings, named at end of the preceding 
chapter, are in the domain of what is called “ high art.” 
The contour” of a moulding is that view of it which 
is shown in what is technically called a cross or tmns- 
verso section (see the papers under the head of The 
Building and Machine Draughtsman ”) ; or is looked 
at, in popular and graphic, if not strictly correct lan- 
guage, ‘*end on.” It is obvious that the exact form 
or outline of the curved parts, and their relation to 
and connexion with the subsiditiry or joining parts 
composed of straight lines, can only be seen when the 
moulding is looked at in this direction. An examina- 
tion of a moulding looked at in a point directly in 
front, or in elevation,” as the technical phrase is, 
would not give this precise information as to its 
formation. The term profile ” is also used to denote 
the outline oj 4 oa\ of a moulding as looked at *^end 
on” or sidewayb. This term is derived from two 
Latin words, proy for, or per, by, fniAJilainy a thread or 
line, and has come to be undci*stood us a side view 
or elevation of an object ; used only as a single word, 
it means the side view of a human face, or a portrait 
ill side view. In fig. 2 (p. 82) the terms w’e have used 
above are illustrated — the part A in all the four dia- 
grams being the cross or transverse section, the end- 
on ” view or elev' ation, the “ contour ” or the ** profile ” — 
and to indicate that it is shown as a cross section ” 
it is cross lined, or, technically desciibed, hatched,” 
as in the fourth diagmm. In all the diagrams in 
this figure (2) the parts marked b are what arc 
Ciilled an “elevation” or “ front view” — an end view 
being generally termed an “ end elevation,” a top or 
a bottom view, looked dii’ectly down upon or up at, a 
“ plan.” 

“ Profile, “ Assemblage,” — Terms used in connection with the 
Tecbnical Work of Honldings. 

It is right here, however, to state that the term 
“profile,” although accurate enough as a distinctive 
appellation for the look presented by an end view 
or cross section of a single moulding, is most gene- 
rally, if not most correctly, applied to a number of 
separate mouldings, which is usually designated as 
an assemblage.” Thus, in fig. 2 a ^ c cZ is a single 
or separate moulding, so also g h and e f\ but at 
^ i h there are two mouldings of different contour. 


and the whole as taken together are consideiwl as 
an assemblage to which the term profile is applied. 
Seeing, however, that this term profile is so generally 
understood — we might almost say universally, cer- 
tainly so in a popular sense — as the side view or 
“ end-on ” view of an obiect, it appears to us that it 
might save mistake on the part of some if the word 
“ assemblage ” were alone used to designate an arrange- 
ment of several distinct mouldings in the mass or 
block. 

General View of the Points connected with Mouldings. 

Technical Designations.— The Fillet. 

A few of the general principles affecting the use of 
mouldings may here be stated, and this in connection 
with the distinctive features of each kind or variety. 
The diagram in fig. 3 illustrates the simplest form 
of moulding, which is made up purely of stmight 
lines at right angles to each other, as at a a c. It 
is termed the “ fillet,” from the Latin fduniy a thread or 
line, and this possiblv because it is small and of fine 
dimensions compared with other and larger mouldings; 



po&sibly, also, because its ollice is to connect or bind 
together the other mouldings wkich go to make up 
an assemblage ; a thread in ordinary binding work 
being generally used for this. Be this as it may, such 
is the peculiarity of this moulding, the simplest of 
all, and such its office. Another name by which 
the “fillet” is known is the “cincture,” from the 
Latin word clncturay from cingerCy to gird or bind, 
which moans literally a girdle or belt to bind round 
an object— 'tliis meaning pi'actically invohirig the 
same idea as the fillet, a part connecting or binding 
together other forms. The fillet is also known as the 
“annulet” (the more accui-ato spelling of which is 
“ anulet ”) ^rom the Latin aniiidusy the diminutive of 
aniiSy a ring. This obviously gives the iilea of a circular 
body, “ cinctured ” or girded round, and is therefore 
much more applicable to the moulding next to be 
considered in order. The fillet is also sometimes called 
a “ band,” still more indicative of its office as a binding 
or bonding medium for other mouldings. It is also 
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called a ** square,** indicative of its right-angled and 
rectilineal surfaces. 

The Bead.— The Astragal. 

When the end of a fillet is not square, as at in 
section, or rectangular at faces, as at e /, fig, 3, but 
rounded in the way hereafter detailed in describing 
how the outlines of mouldings are obtained, as in fig. 4 
at a, the moulding is termed an “ astragal.** This term 
is derived from a Greek word indicating in anatomy 
the heel bone below the ankle, and so applied to 
this moulding from its fancied resemblance to the 
swelling of the heel. The term ‘‘ anulet,** which we 
have seen is applied to the fillet in fig. 3, is, as we have 
said, much more applicable to the astragal in fig. 4 ; a 
section of a complete moulding of this kind being a 
circle or ring. The astragal is also, and perhaps most 
frequently, termed a “ bead.*' And this is the most 
cx>nvenient term, inasmuch as that of astragal is apt to 
he confounded with a word sometimes used in joinery, 
which means a different thing. The term ** liead ** is a 



Fig. 4. 

Saxon word indicating^ a small perforated ball, sphere, 
or globe of glass or metal, to be strung on a thread, 
an assemblage of the balls forming a necklace or other 
ornament. We find the “ bead ** moulding frequently 
curved so that its surface presents an appearance 
moi'e or less distinct of a string of beads. Figs. 7, 9, 
and 10, Plate CCXIII., illustrate how the astragal 
or bead may be ornamented. 

The Torus” Moulding. 

The moulding third in order to be named is illus- 
trated in fig. 5, and is called the torus,** and is in 
fact but a bead of larger size than the bead ** used 
as such. There is also this distinction between the 
torus and the bead. The bead is always circular in 
section, as in fig. 4, or at a in fig. 5 ; whereas the 
torus is in the Grecian form of the moulding frequently 
elliptical in section, as at 6 and c. There are still two 


other distinctions between the torus and the bead : 
the torus, being the larger in section, is used in base 
mouldings, or whore the greatest weight is to be sup- 
ported ; the bead, being smaller, in the upper part of 
structures ; and while the torus is as a rule left 
plain on its surface, the bead is often carved or deco- 
rated with ornament — of which we have above given, 
and heimfter shall give further illustrations. The name 
‘‘ torus ** is anglicised from the Latin torus, often ti'ans- 
lated as a rope,*’ but more accurately signifying the 


Fig. 6. 

long tendrils of a vegetable or grass twisted together 
to form a rope ; it also has other meanings, with 
which we are not at present concerned. Fig. 13, 
Plate CCXIII., illustrates how the torus may be 
ornamented. 

The “Ovolo.” 

The fourth moulding in order is the ovolo,*’ illus- 
ti*ated in fig. C ; this word being derived finm the 
Latin word ovum, an egg. And this not meiely from 
the swell or cui ve of the moulding appearing like 
that of an egg, but also from the fact that this mould- 
ing is in the Ionic older genemlly, and in other 
instances, carved with an egg-shaped ornament which 
will be hereafter illustrated. The ovolo in section 
forms a quadrant or fourth part of a circle ; hence is 



derived the other name, by which it is perhaps even 
more frequently called and better known — namely, 
the “ quarter-round.** It is also called the “ echinus,** 
we presume from some resemblance to the beautifully 
curved shell of the sea-fish known by that name. 
Fig. 1, Plate CCXVI., illustrates how the ovolo may 
be decorated; so also fig. 2 in same Plate; fig, 6, 
Plate CCLI., is in its contour modified from that in 
fig. l,#late CCXVI. 
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THE WOBIOCAH AS A TECHNICAL STVDEHT. 

How TO Study, and What to Study. 


CHAPTER XIII. 

At the conclusion of last chapter we remarked that 
it was not an easy thing to separate the ‘‘ how ” from 
the ‘‘ what to study,” so mixed up with each other are 
the two departments. For it is of little avail to the 
student of technical literature to be told what are the 
branches he ought to study, unless he has quite 
made up his mind as to the way in which to, or the 
how he is to study them. If he has ciirefully read 
what we have in preceding paragraphs said under 
this head, he will have clearly perceived that, how- 
ever good the books which he has obtained to aid him 
in his course of study, however competent his teachers 
may be, the ultimate result, which is the aim and 
object of his study to secure, the very reason of its 
existence, will depend upon himself. And unless he 
see this it may be safely concluded that anything 
which in the preceding chapter we may have said, 
or anything told him by his teacliers, however earnest 
they may be in their efforts to secure his progress, 
may as well pnxctically bo unsaid. So true is this, 
that we have but little hope of any one who has to be 
argued into a belief that education is a good thing 
for him as practically furthering his progress in 
life. What experience we have had goes in proof 
of this; for we never knew one either defectively 
educated or totally so, who by mere persuasion only 
became so convinced of the loss he sustained by 
being so, that he gave himself earnestly to the 
making good his deficiencies. There are those who 
bew’ail, and with, we regret to say, but too good 
reason, the existence of that apathy on the subject 
of self-improvement which makes the number 
of those who avail themselves of the numerous 
facilities placed at their disposal to acquire technical 
knowledge to be easily reckoned by tens, when they 
ought to be reckoned by the hundreds, or even 
the thousands. And in bewailing this they confess 
to a difficulty to comprehend why this should be 
so, knowing as they do the raising or lifting power 
of education, and look around to trace the reason 
of it, and, failing to find it, lay the blame on all 
causes but the right one. If they only looked in 
the right direction they would not have far to 
seek. They would soon see that the true cause of so 
few availing themselves of the facilities they have for 
acquiring a technical education is not that those 
facilities are not numerous, or not easily available, 
but that the class for whom, if they be not specially 
designed, is that to whom they are specially useful, do 
not as a rule avail themselves of them. We do not 
here open up t^ question, which has been, and may 


yet be, much disputed, whether our facilities for 
giving technical education to young men are, or are 
not, well planned and efficiently carried out. Ad- 
mitting their defects, or presuming that these exist, 
still it must be admitted that the systems most de- 
fective do contain a vast amount of good. But the 
point is, do the groat majority of those to whom 
technical education is beneficial avail themselves 
readily, of their own free will, of w^hat is actually 
within their reach? There can be but one answer 
to the question, however painful may be the thoughts 
to which it gives rise. Those who have had, or now 
have, much to do with technical education know but 
too well that the instances are but comparatively few 
of those who are so determined to get education that, 
rather than not have it, they are prepared to make 
great sacrifices and devote earnest and anxious en- 
tleavours to it. 

An Ardent Desire for Knowledge required by the Workman 
as the First Step in its Acquisition. 

Let the number of those who do attend our tech- 
nical classes be polled, and after deducting from the 
gross number those who are not daily engaged in the 
hard actual labour of technical industries, the number 
remaining of those who do Avill be found to be so very 
small, as to raise dislieartening thouglits even in the 
minds of those who are most sanguine as to the spread 
of practical knowledge. We might learn much that 
is of practical common- sense use from the plain old 
proverb, You may take a horse to the water, but 
you cannot make him drink ” ; nay, yoii may even do 
more, and take the water to the horse with the same 
negative result. Unless the animal has a thirst for 
water, it is in vain to expect that he will take it, all 
your efforts and wishes that he would do so notwith- 
standing. 

So with the young man. He may have all facilities 
offered him by which he may, as the saying is, better 
himself in life ” by becoming well educated, and this 
with a precise and definite reference to his special 
tiude or business, yet, unless he possesses in himself a 
true and an ardent or ‘‘ burning thirst ” for this 
knowledge, he will practically let these facilities pass 
unheeded by. And even if ho does seemingly avail 
himself of them, he may, without this thirst for know- 
ledge, be in truth only apparently acquiring. As a 
man with a burning thirst spares no effort to obtain 
what water may be within his reach, and will think 
no toil ill repaid if he succeeds in getting it, so a man 
with a de^re for knowledge thinks no eflbrt too great, 
no sacrifice of ease or the giving up of so-called 
pleasure worthless, to gain that which he feels to be 
his eventual life. Our self-made men, who in various 
branches of our industrial work have made themselves 
famous, and who gave to their work the supremacy 
which has made their country no less so, in the his- 
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tory of industry, acquired their knowledge under the 
very gimtest of difficulties, and acquired it, moreover, 
by a strain on their mind, and by a voluntary de- 
privation of much that constitutes what is called ease 
to the body, of which we fear but too many amongst our 
rising generation have only a feeble conception. The 
facilities which even the poor amongst our technical 
workers have for education did not, in the times when 
these self-made men flourished, exist. It was only the 
rich and the well-to-do who could obtain help in tech- 
nical or special education, and even they had to create, 
as it were, special facilities to meet their wishes, as 
few publicly organised means then existed. 

Xethod in Study Absolutely Eiiential to secure Suoceis in 
Acquiring Knowledge — Books alone will be of little 
Benefit without it.->SelMnstruotion, or Home Study. 

We have said enough, but not more than enough, 
on the subject of the spirit of self-determination in 
which the technical workman must set about his edu- 
cation ; and from this, as well as from the prominence 
we have given in preceding paragraphs to certain 
points of mental dLsciplinc, he will perceiv^e that we 
are inclined to place greater importance upon the 
method of his study than even upon the subjects of it. 
In saying this wo do not ignore the importance of 
having a well -devised system of stud}", for system in 
itself includes — if it be not itself — order ; and of the 
advantages of order'* to the pupil we have said 
already somew’hat. Nor, in placing, as we here do, 
such an importance on the method, do w e lose sight 
of the object of study. All that we wish to insist 
upon here is, that if he gets laid down for him a 
system of study, he is not to suppose that knowledge 
forthwith will follow. Some may be inclined to think 
that no one could be so stupid as to think thus. We 
are not quite so sure of this. Those who have had 
much to do with youth, and perhaps more especially 
with those who are connected wdth the arts of con- 
struction and design, have come across youths wlio 
were vastly more eager to become possessed of a line 
set of tools and instruments than to give the time, 
the patience, and the enthusiasm necessary to enable 
them to do really good and useful work with tliem. 
The best and cleverest architectural and engineering 
draughtsmen are not always those who possess the 
finest and most expensive ** set ” or case " of instru- 
ments. We should not, of course, ignore the value 
nor despise the utility of the finest instruments and 
appliances as aids to the execution of good and 
quickly done work, any more than we ignore the 
value of good text-books for the pupil in technical 
knowledge. But we should like to see a youth do 
the best work he could with the modest tools which 
befit beginners, and possessed of an eager desire to do 
better, before he displayed an equal eagerness merely to 
have the fine or the finest tools and “ nothing more.” 


In offering our remarks on the subjects making 
up a distinct or specific system of study, the reader 
will understand that these will refer more especially 
to the case of pupils who, if not wholly, at least 
mainly, will be self-taught. In the case of those 
attending classes, they will have, of course, a regular 
course laid down for them to follow, and a series of 
text-books in relation thereto. And, as a I’ule, it 
will be found that, if each teacher has not his own 
system of study, he at least has his own favourite 
text-books for it. Much, how"ever, of what we shall 
now give, although designed for, at least more par- 
ticularly applicable to, the self-taught pupil, will be 
applicable also to the pupils who are engaged in 
studying in regularly organised classes. 

Class of Books or Snbjeots to Study. —-Considerations affect- 
ing this.— Branches of Ednoation Common to all Varieties 
of Study. — Important Bearing of them to the Technical 
Workman as a Student. 

It would seem sc^arcoly necessary to say that the 
subjects forming the system of study should have as 
close a l^earing as possible upon the pracj^cal daily 
w’ork of the pupil, or what he may design to bo his 
woik. But although this may be so, it is essential to 
be borne in mind nevertheless, for, obvious as it 
appears to be, it conveys a fact which is but too 
frequently overlooked. To obtain one advantage tliis 
plan i)0ssesses is so important that it would bo worth 
while for our pupil -student to follow it, even although 
it had no dii*ect bearing upon his practice in future 
work. This advantage is that it prevents desultory 
study ; it keeps the pupil to one line of study, and 
from that wandering, so to call it, to and fro amongst 
books and objects of study which, like other roaming, 
has its own delightful attiuctions ; man being, as some 
one has defined him to be, a wandering or vagabond 
animal . Be this as it may, this unsettled system or rather 
style — for it has no claims to be considered a system — 
of study is almost always certain to induce a aireless 
habit, as prompting him who indulges in it to leave a 
subject upon which he has been some time engaged, to 
take up with some other which appears to him to be 
‘ ‘ more useful. ” It is by this phrase that he deceives him- 
self into the belief that he is wise to make the change 
from its utility, whereas, in reality, he is but merely 
ahai-med with the view of its novelty. Study entered 
upon and c^irried out in this spirit is not deseiwing of 
the name; it is mere trifling, and, like all trilling, will 
only end in disappointment and loss. The course of 
study which is arranged to bear the most closely upon 
the object or work in life will, in proportion to the 
emestness with which it is pursued, not only have a 
piiictical value as advancing the interests of his life 
work, but.it will be the best means of enabling the 
student^ avoid and to secure immunity from the 
dangers of the desultory study we have censured. 
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the soab maxeb. 

His Woek in the Laying out op Roads in Rural, 
Suburban and Town Disteiotb, their Construction, 
Repair, and in the Choice and Use op the Various 
Materials Employed. 


CHAPTER XI. 

XzoaYation and Embankment of Boade.— Calonlatloni. 

Given the breadth of the balance-line of a road 
cutting in sidelong or sloping ground, the perpen- 
dicular depth at the centre-line in any cross-section, 
the angle of inclination of tlie ground and that of the 
slope of the cutting, to find the distance on the surface 
at which the slopes in such section will run out at 
either side of the centre-line.'^ — To the product of the 
natural cosine of the angle of inclination of the slope of 
the higher side of the cutting, multiplied by twice the 
depth of tlie cutting at the centre-line, add the product 
of the natural sine of the angle of the slope of the 
higher side of tlie cutting multiplied by the breadtli of 
the balance-line ; then divide that sum by twice the 
natural sine of the difference of the tingle of inclina- 
tion of the slope of the higher side of the cutting, and 
that of tlie side fall of the surface, and the quotient 
will be the distance from the centre-line at which the 
slope of the higher side of the cutting will run out at 
the surface of the ground. Then, to the product of 
the natural cosine of the angle of inclination of the 
slope of the lower side of the cutting, multiplied by 
twice the depth of the cutting at the centre-line, add 
the product of the natural sine of the angle of the 
slope of the lower side of the cutting multiplied by 
the breadth of the balance-line ; then divide that sum 
by twice tho natural sine of the sum of the angle of 
the inclination of the slope of tho lower side of the 
cutting, and that of the side fall of the surface, and 
the quotient will be the distance from the centre-line 
at which the slope of the lower side of the cutting 
will run out at the surface of the ground. 

Earthworks in Boad Making (conCimted). 

Resuming the calculations required in the construc- 
tion of roads whore cuttings and embankments are 
necessitated by the varying contour of the land over 
which it traverses, we give a rule ‘‘to find the area 
of the trapezium or figure of a cross-section of a 
cutting.” — Take from a correct drawing of the section 
the length of a diagonal from the point where tho 
slope of the upper side of the cutting runs out to 
surface to the angle included by the balance-line and 
the toe of the slope of the lower side of the cutting, 
and the lengths of the perpendicular distances from 
the toe of the slope of the higher side of the cross 
section of the cutting to the diagonal, and from the 
point where the lower side runs out to the surface to 
^he diagonal ; then multiply the length of the diagonal 


by half the sum of the perpendiculars, and the product 
will be the area of the section. 

Example. — Required the area of a trapezium of 
which the diagonal is 63, and the perpendicular 
distances from the opposite angles to the diagonal 
are 12 and 4. 

The sum of 12 and 4 is 16, the half of which is 8. 
Tlie product of 63, the length of the diagonal, when 
multiplied by 8, half the sum of the perpendicular, is 
504, the area of the trapezium required. 

“To find the solid content of a cutting from the 
areas of the tmpezia of the several cross-sections, 
and the distances between them.” — The process of 
calculation is the same as in the last case; the 
rule and example need not, therefore, be repeated. 

The third case, previously alluded to, in which 
earthwork may be required in tho construction of 
roads, is when the road is made along the side of a 
steep hill, and in which the sections of the excavation 
^^ill be triangles. In this case tho whole breadth of 
the road may be included in the excavation, or it 
may be partly in excavation and partly in embank- 
ment, as shown in the diagrams, figs. 3 and 4, 
Plate CLXVIII. 

Making the breadth of a imd partly in excavation 
and partly in embankment is very expensive, and 
should never be had recourse to except under cii*cum- 
stanees of the greatest necessity. 

When, however, a portion of the breadth of a road 
cannot be avoided being made in embankment, the 
lower part of the surface of the slope of the hill side 
should be benched out into steps at right angles to 
the natural surface, and the material carefully put 
into the steps in thin strata and well pinned or 
rammed as tho work proceeds ; as without such 
precaution, on steep hill sides, tho embankment will 
bo certain to slip unless supported by a retaining wall 
of great strength. By benching out the surface of 
slope in the way described, and the material being 
laid inclining from the slope, a retaining w^all may 
be dispensed with, or, if i'er|uired, it may be very 
much lighter than when such precautions have not 
been taken. 

“ To find the distance from the side of a road at 
the lower level of the slope of the side of a hill at 
which the cutting will run out at the surface, the 
breadth of the road and the angles of inclination of 
tho slope of the surface of the side of the hill and that 
of the cutting being given.” — Multiply the breadth of 
the road by the natural cosine of the angle of the 
inclination of tho slope of the cutting; then divide 
tho product by the natural sine of the difference of 
the angle of the inclination of the slope of the cutting, 
and that of the slope of the natural surface of the 
side of the hill, and the quotient will be the distance 
required. 
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Whea the breadth of a road is partly in cutting, 
and partly in embankment, to find the distance, at 
either side of a road, at which the slopes of a cutting 
and the embankment will run out at the surface — 
the breadth of the road in which it is in cutting or 
embankment, the angles of the inclination of the 
slopes of the cutting and embankment, and of the 
slope of the side of the hill being given. 

For the cutting, multiply the breadth of the road 
which is in cutting by the natural cosine of the angle 
of the inclination of the cutting; then divide the 
product by the natural sine of the difference of the 
angle of the inclination of the slope of the cutting 
and that of the slope of tlie natiiml surface of the 
side of the hill, and the quotient will be the distance 
at which the slope of the cutting will run out at the 
surface. 

Earthwork of 'SM9^^%\continue(l'), 

For the embankment, multiply the breadth of the 
road whioli is in embankment by the cosine of the 
angle of inclination of the slope of the embankment ; 
then divide the product by the sine of the difference 
of the angle of the inclination of the slope of the 
cutting and that of the slope of the natural surface 
of the side of the hill, and the quotient will be the 
distance at which the slope of the embankment will 
meet that of tjie surface of the side of the hill. 

When the angle of the inclination of the slope of 
the cutting and that of the slope of the embankment 
are equal — which will generally be the case — the 
triangle representing the cross-section of the cutting 
and that representing the cross-section of the embank- 
ment vrill be similar ; and the distance at which the 
slope of an embankment will meet the slope of the 
surface will be the quotient of the product of the 
distance at which the slope of the cutting will run 
out at the surface multiplied by the breadth of the 
embankment being divided by that of the cutting. 

To find the perpendicular depth or height of a 
cutting or embankment, multiply the result of either 
of the two last rules, which a particular case may 
require, by the natural sine of the angle of the 
inclination of the slope of the natural surface of the 
hill, and the product will be the depth or height 
required. 

To find the area of a section of a cutting or em- 
bankment, multiply the distance at which a cutting 
will run out to the surface, or at which the slope of 
an embankment will meet the surface of the slope 
of the side of a hill, by the perpendicular depth 
or height, and half the product will be the area 
required. 

To find the solid content of a cutting or embank- 
ment for a road, the same rule applies as that 
given for the other two former oases, and need not be 
repeated. 


It may frequently happen that earthwork may be 
required to be measured, and the quantity calculated 
after the work has been executed, when access cannot 
be had to the sections ; in which case the following 
mode of obtaining the dimensions, and from them the 
quantities, may be adopted ; — Take the angle of incli- 
nation of the slopes by a clinometer, and measure the 
length of the slopes and the breadth of the balance- 
line, from which elements the following calculations 
should be made — The perpendicular depth of the 
slope will be found by multiplying the length of the 
slope by the natural sine of the angle of its inclina- 
tion ; and the talus or base of the slope will be found 
by multiplying the length of the slope by the natural 
cosine of the angle of its inclination. 

The most usual manner of expressing the slopes of 
embankments and cuttings is by the proportion sub- 
sisting between the base and j)erpendicular height; 
but if the angle of the inclination be required, 
then — 

To find the angle of inclination of a slope from the 
proportion between its base and perpendicular height, 
divide the number repi‘csenting the proportion of the 
perpendicular height by the square root of the sum 
of the squares of the numbers representing the pro- 
portion between the base and pei*pendicular height, 
and the quotient is the natural sine of the angle of 
inclination. 

To find the areas of cross-sections, multiply the 
bottom of the cutting by the sum of the perpendicular 
heights of the slopes at each side of the section ; then 
multiply the perpendicular height of one slope by the 
base of the other, both alternately, and half the sum 
of the three products will be the area of the cross 
section. 

The Mechanical Condition of Boad Bnrfacee as affecting the 
Traction of Vehicles running on them. 

We now come to consider the effect of the 
mechajiical condition — in other words, the state of 
repair in which the road surface is — upon the tractive 
force exerted by animals pulling or dragging heavy 
loads over its surface. It will be obvious, on very 
slight consideration, that the surface of a road may 
be such in its perfect construction that the tractive 
force required to pull or drag a heavily loaded 
carriage, cart, or waggon over and along it may be 
the minimum force required ; while on the other 
hand this may be the maximum when the con- 
dition of the surface of the road is so bad that, 
constructively considered, it could not be worse. 
Between those two extremes of the best and the 
worst there will be a wide variety of points, at each 
of which the tractive force required will be in pro- 
portiox)^avourable or otherwise, just as the point 
approaches the best or the worst condition in which 
the surface of the road may be. 
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CHAPTER VIII. 

On ground having a considerable declivity, or the 
declivity having several gradients, or even in large 
fields requiring great and continuous length of col- 
lecting drains, it will be proper in the first and last 
cases mentioned (on p. 90), to have one or more sub- 
mains across the direction of the collecting drains, with 
such obliquity of direction across the declivity of the 
surface as to afford fall for a tolerably rapid current 
of water ; and in the second case there should be a 
sub-main at the bottom of each gradient. The sub- 
mains referred to are required to prevent the wash 
likely to occur in heavy summer showers after long- 
continued drought on clay soils, or to relieve the 
small drains, and prevent tliem being blown, or being 
overcharged from any cause whatever. 

Hateriali used in the Construction of Drains* 

We now come to the consideration of the materials 
by which the drains of vaiious forms can be con- 
structed, in which the following remarks ai*e to be 
considered as chiefly introductory and partly supple- 
mentary to wluit has been already given. Tlio further 
details will hereafter be consideied; meanwhile we 
now more immediately concern ourselves with some 
important details respecting the form to be given to 
ducts or channels of various kinds in which water is 
conveyed from one point to another. 

As regards the materials of which the drains are 
constructed, until after the commencement of the 
present century, in the rare instances compared 
with the present time in which draining operations 
were undertaken, the ducts of main drains were 
usually conduits formed of dry and rough masonry, 
and those of the collecting drains consisted of the 
trenches for the same, being partially filled with 
stones, the branches and sprays or twigs of trees 
covered with turfs, and in bogs and lands of peaty 
soil sometimes even with dried peat ; but at an early 
period of the present century, about 1811, tiles came 
into use for forming the ducts of drains. In the 
early period of the use of tiles as a material for the 
ducts of drains, they were simply slabs of clay made 
by hand, and bent over a mandril into the form of 
a horseshoe dr inverted U, sometimes, though not 
always, to be placed in the drains upon flat soles of 
the same material or slate, to prevent their dis- 
arrangement from the bottoms of the drains being 
washed out by the current of the water therein. 
This appears to have been the best kind of duct for 
covered drains until the invention of tile-making 


machines, the first of which was by the Marquis 
of Tweeddale in 1836 ; but it was not until 1839 
that the machine in question was perfected, and 
came into much use. This machine was of a some, 
what complicated construction, and adapted only for 
making the horseshoe tiles then in use. This was 
followed in a few years afterwards, about 1843, by 
the invention of other machines of more simple con- 
struction, by whicli pipes of tile for the ducts of 
covered drains could be made with great accuracy, 
despatch, and economy ; and which have now super- 
seded every other material and form for the purpose, 
wherever clay for the manufacture and fuel for the 
burning can be had at a reasonable cost. From 
facilities of transport by railway in every direction 
throughout the United Kingdom, it will be but in 
very few localities in which cost will be a preventive 
to the use of tile pipes for the ducts of covered drain.s, 
even where neither suitable earth nor fuel is to be 
obtained in the neighbourhood. Such being the case, 
future remarks on the material for the ducts of 
covered drains will be confined to pipes of tile. 

Tiles that have not been thoroughly air-dried 
previously to being fired — those made from clay 
having too large a mixture of sand, or having 
nodules of limestone or chalk in it, and those that 
have been made during frosty weather — should always 
be rejected as being liable to spontaneous breaking 
in the drains. Tiles of good quality arc heavy, and 
emit a ringing sound when struck ; but they should 
not be so hard burnt as to be vitrified. The quality 
of drain tiles should be that of the best garden pots ; 
and the best mode of testing their quality is to steep 
a sample pipe for three or four hours in water, and 
then to place it before a hot fire, and should it remain 
hard and whole after such an ordeal it may be safely 
used. 

Common clay tile is undoubtedly the best material 
for the ducts of covered drains, and, for the same 
reasons already given, for the sides and lx)ttom of an 
open watercourse, are tangents to a semicircle the 
radius of which being the depth of water therein, 
the best form for such ducts is a plain hollow cylinder. 
Supposing the greatest depth of water in such duct 
to be its mdius, or half full, its hydraulic depth for 
calculating the velocity in it will be one-fourih the 
diameter or half tlie radius of the bore of the pipe. 
Cylindrical pipes of tile are made by machines in 
great perfection; and, when fuel can bo had at a 
reasonable price, they may be produced at a very low 
rate. 

Drain pipes are made by manufacturers of from 
one to nine inches diameter of bore, and they may 
be obtained of still larger size when required. The 
usual and, indeed, the most convenient length of tile 
pipes is twelve inches. 
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SpeoUl Bamarki on Drainage.— Bsperimenta in Diitinrent 
Syttemi of Drainage. 

Having given remaiks upon and rules connected 
with the form or shape of drain ducts, it may be 
suggestive of some thought to refer here to what has 
been done, and what very likely may yet be done in 
connection with experiments in di^erent systems of 
di'aining and the various modifications in what may 
bo called the original or established plan of land 
drainage. For although of late there has not been 
much lively discussion on the subject of drainage, 
it does not follow that all the points which were 
at one time disputed as connected with the various 
modifications of the system are so finally settled and 
agreed upon as to give no occasion for any diffei’ence 
of opinion. For it so happens, os in almost every 
other branch of social and scientific economy, that 
discussions take place in what may be called cycles. 
Subjects are, therefoi’o, brought forward by certain 
circumstances into such prominence that their dis- 
cussion is carried on so energetically, and with such 
fulness, that neitlior time nor space seems left for 
the consideration of other points, and it seems as if 
this were but the one topic which required discussion. 
Those who are intimate with the past history of 
agriculture in this country will easily draw to recollec- 
tion numerous examples of this peculiarity in social 
and scientific matters. And drainage has been no 
exception to the law, if law it may bo called. At the 
same time it is to be observed that the question of 
drainage is in a mucli more settled condition now than 
it was years ago. We do not hear so much of the 
faults and deficiencies of what we have called the 
established system, nor are so many modifications of 
it proposed. And of those proposed years agw, some 
st^em to have died out, or have only been kept up by a 
very few — sometimes only been confined to the practice 
of the original introducer. There seems, therefore, to 
be what may lie called a general or universal con- 
sensus of opinion in favour of the tubular deep or 
thorough draining system we have described as licing 
the best. 

It would be wrong, however, to conclude that, 
because this is so, therefore there will be no im- 
pix)vement made in its practice or modifications 
in its principle. It may yet be that some one will 
come forward to propose and cany out, and that 
successfully, some system which, if it be not quite as 
complete a revolution of the present as that was on 
the old, may yet present such very stnking points as 
to entitle it to be called a new method of draining 
land from an excess of water. We do not say that 
there is any great probability that this will happen ; 
all we desire to remind the young agriculturist or 
land di’ainer is that it is very unsafe for any one to 
conclude that because a system appears to be perfect 


it is not likely to be improved on or even altogether 
to be superseded. There is, lit6i*ally, no standing still 
in practical science : its motto may be said to be 
farther and forward,” — and thus we find that the 
model system of to-day no longer exists in its integrity 
to-morrow, and by the next the place which knew 
it will know it no more for ever,” it being wholly 
superseded by some method totally new and altogether 
different alike in principle and detail. Nor must the 
youthful reader suppose that because some branch 
of science may remain, as it wore, dormant, and for 
so long a period that it appears to be incapable of 
being applied to any strikingly extensive and prac- 
tical use, that it will always i-emain so. Such seems 
to have to go through this period of dormant inactivity 
till the time and the man come at which and by 
whom it is wakened up, so to say, to a now and 
startling vitality. We have many examples of this, 
but we need only mention one, and that the most 
striking of modem times — electricity. 

But although this may not apply to the subject of 
our paper, it is futile to conclude that it will never do 
so. Certain, at all events, it is that, settled as all 
points of drainage would from circumstances appear 
to bo, there are many points very far from being 
decided, in regaid, if not to its inherent principles, 
certainly as to its details. There are many puzzling 
points in the practice of drainage in certain soils and 
districts which have not yet been definitely settled, 
and when met with in practice have simply been 
made the best of — although that has been far from 
being the best — and set aside for final settlement to 
some convenient day, should that ever come about. 
All such points have to be settled by experiment ; and 
that many experiments have been made during past 
years, and are being made now, we have no doubt of. 
The cycle of discussion will come about in due course, 
and wo shall hear all and very likely much about them. 
The young man about to enter into practice will, if 
that be in any way extensive, have abundant oppor- 
tunities to convince him of the necessity of numerous 
experiments ; and in conducting tiiem the following 
remarks, being those we have in the beginning of the 
chapter alluded to, will be found useful and suggestive. 

With reference to this important department of 
experimenting, the editor of the Mark Lane Express 
has made some most suggestive remarks. In insist- 
ing upon the necessity of attending to two points 
generally lost sight of in agricultural experiments — 
the manner of conducting them, and the manner of 
describing their results — he directs attention to the 
anomalous position occupied by agricultural nomen- 
clature, comparing the confusion connected with it 
to that of Babel, where different terms were used to 
denominate the same thing — one calling that a brick 
which another termed mortar. 
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CHAPTER XXIII. 

Returning to the subject of cattle breeding, referred 
to in the last paragraph of preceding chapter, we 
have to remark that while the experience afforded 
by the practice of those who have systematically 
adopted the permanent stall feeding — the ^^syateme 
permanente atahulation'* of the French and Belgian 
agriculturists— gives abundant proof that the pro- 
duce of dairy cows is greater, and the fattening 
of cattle quicker, than under the ordinary system 
in such favour with us. Hence it is that, looking 
at what has been done — is over enormous districts 
being daily done — under the system of permanent 
or continuous stall feeding, not a few of our most 
advanced farmers begin to think this : that if the 
new phase of British faiming, in which wheat or corn 
cultivation will give place universally to cattle breeding 
and rearing, and the production of dairy produce, ns 
milk, butter, and cheese, is to bo really successful, it 
can only be made so by the adoption of the stall feed- 
ing system, so far, at least, as our dairy stock is con- 
cerned; and in the case of our fattening stock, its 
adoption to be secured for at least one-half, if not 
three-fourths, of the year. And when this, w’hich we 
are inclined to believe is tho true position of the 
proposed gieat change in the characteristics of British 
farming, is realised, if ever it be so, this will be the 
result. Not, as some would-be authorities on farming 
and keen and not over-kind critics of British farmers 
aver with such persistency, that grass lands will take 
the place of arable culture — which is, according to 
them, of necessity to disappear wholly — but, on the 
contrary, that arable culture will be enormously 
increased, and that it will, in place of being devoted 
to cereal or corn crops, as at present, be given to the 
production of the wide variety of feeding crops 
demanded by the permanent stall-feeding system. 
And a further, or rather a necessary result, will be 
that, in place of grass lands being the rule, they will, 
wherever this system is adopted, be the exception, 
and this for the reasons elsewhere in this paper or 
in that of ‘‘ The Farmer ’’ given. And these results 
will be somewhat different to those anticipated by the 
writers and critics above alluded to, their deductions 
having been derived from an actual ignorance of what 
are the practical circumstances of British farming. 
The very phrase which constitutes the text of their 
predictions in itself betrays their ignorance of those 
circumstances ; for, however much the increased atten- 


tion to cattle fattening and to dairy produce may 
demand grass land, they never would or could do away 
with arable culture, which, even under our present 
system of feeding is absolutely essential for the 
production of the foods which that system demands. 
Arable culture is not synonymous with corn culture, 
as the writers and critics w’e have alluded to seem to 
think. 

The Boiling System specially adapted for Small Farms. 

Whether we shall yet have the system of permanent 
stall feeding applied to large farms much more 
extensively than it has yet been applied, time will 
show. Although sound practice points in this direc- 
tion, it is beyond any doubt that the system is 
peculiarly well adapted to the circumstances of small 
farms. Wlien this is carried out with judgment 
and accuracy of detail, a greater number of cows, for 
example — and it is with dairying that small farmers 
will chiefly concern themselves — can be kept with 
than without it, or, what is the same thing, the same 
number can be kept on a less extent of land than 
under the old method. The system, no doubt, demands 
an extra amount of labour on the part of the farmer ; 
and this is perhaps the reason why it has not been 
adopted to any great extent with us, where labour of 
all kinds is so expensive, and is daily becoming more 
so. But that tho labour thus inv^olved is well repaid 
by the extra economy of tho system, all experience 
goes to prove. The extra labour which the system 
involves arises from its two leading principles; the 
first of which is *Hhe cropping of the land for the 
materials for feeding.” The food obtained from 
pastures forms no part of the system properly carried 
out*; these — with the exception in some cases, but not 
in all, of a small paddock or paddocks being reserved 
for exercise ground, or for calves — are entirely dis- 
pensed with ; and the food required by the stock is 
raised specially on land devoted to this purpose. One 
feature of the system of cropping adof)tod is tho 
raising of a great variety of produce, and on a plan 
of rotation so arranged that this produce is obtained 
in succession. The land is cleared of one crop or 
variety of produce, and is immediately prepared for 
the receptioxX of another. But the crops are generally 
divided so that one set is adapted to give a succession 
of cuttings of green food, the crop remaining on the 
ground to yield the number of cuttings for which it 
is adapted. The other division of the crops comprises 
those crops which, after yielding their first produce, 
are removed from the land to give place to a difterent 
class. The land is thus kept in a state of perpetual 
production, and from the necessary frequent workings 
to which under this system it is subjected, and the 
repeated applications of manure according to the 
crops reared, it is maintained in a state of the highest 
fertility. This alone is an advantage of the system 
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worth giving some extra labour for. Being indeed 
the very aim and ultimate object of all arable culture, 
it would appear to be, as indeed it in reality is, pure 
folly for any one to consider it as a disadvantage 
of the system or of any system whatever. Where 
part of the crops raised are what are called forage 
crops, and these under the system adopted constitute 
their greatest proportion, the food is cut in its green 
state and carried to the house in which the cows or 
cattle are kept. This involves the second part of the 
extra labour of the system ; and the labour is all the 
greater the more conscientiously the system is carried 
out, — for the food should be given as fresh as possible, 
and to insure this, small; quantities only ought to be 
cut at a time, and this involves of course lepetition 
of labour. One feature in the cropping of the land 
for the system is having, as already stated, a variety 
of produce, so that the advantages of a change of 
food will be obtained. On these advantages we have 
already remarked. This necessitates the laying out of 
the land in a series of comparatively narrow breadths. 

Divereity of Views ae to the Boiling Byetem. 

In connection with the question of ‘‘soiling” the 
cattle or cows in the house, there is, it is needless to 
say, a wide variety of opinions ; and one of the main 
objections to it is its presumed or assumed unhealthi- 
ness. If, however, experience is to go for anything, 
that proves beyond a doubt that the rule is (where 
there are excei)tions they but prove it) that where 
the buildings in which the animals are kept are 
constructed in accordance with sound principles, so 
that they shall be healthy ; they (t.e. the animals) do not 
suffer from the system of soiling. We have referred 
to exceptions to this rule ; but we believe that even of 
these a large proportion arises from the buildings in 
which they ai’e housed being unhealthy, and experience 
would go far to show, if its results wore faithfully and 
honestly recorded, that the system of soiling is more 
healthy than the system of out-field pasturing, as 
generally adopted. But it must bo remembered that 
there are some circumstances more favourable to the 
system of soiling being carried out with economy and 
health to the cattle than others. Thus, for example, 
the soil, climate and locality of a farm will materially 
influence its success, inasmuch as they will obviously 
cause a difference, in the facilities and consequent 
economy with which the crops may be raised necessary 
to carry out the system. This is a point too often 
lost sight of when the subject is being considered. 
Again, under some circumstances it may be more 
successfully carried out when applied to one class of 
stock than to another. Thus, it may pay better when 
applied to dairy cows than to fattening cattle, or 
vice verad. The truth is, that, like all other systems, 
it must be carefully considered in all its relations to 
the circumstances of the farm, its soil, situation, etc.. 


before it is adopted. But, if adopted, let its details 
be consistently carried out. The overlooking of this 
really common-sense principle lies at the root of a vast 
number of mistakes ; in many departments of farm- 
mistakes which are laid to the credit or rather 
discredit of the system, while in reality they have no 
connection with it save that which is made by the 
carelessness of the experimenter.^ There is a great deal 
of truth in the old saying about “ putting the saddle 
on the right horse,” an operation by no means always 
done in the right way or at the right time, and some- 
times not done at all in matters agricultural, where 
we should predicate with some safety that it would be 
done if done at all. One obvious point, necessary to be 
attended to under all circumstances, is that the cut 
food shall be supplied to the stock in small quantities 
at a time, so that it shall be fresh and sweet as 
possible. A second is, that the feeding appliances or 
methods of giving food to the animals be such that 
they will not bo able to trample upon it and mix 
their exuvice with it. Should these two points not be 
attended to, much of the success because much of the 
economy of the system depending on them will be 
sacrificed. 

To supply the whole of the stock of the farm with 
food during the winter montJia requires the exercise 
of perhaps the highest degree of forethought and of 
skill on the part of the farmer. He must endeavour 
to proportion his crops in such a way that he will 
have an ample supply to carry him light through 
till spring ; and yet not so as to find himself with a 
surplus, or, what is worse, a deficiency. Many faimers 
have lost themselves in this department, and have 
had to experience the chagrin of parting with pro- 
mising cuttle simply from lack of food to keep them 
on till spring. When this is seen on a farm, it may 
bo fairly decided that a miscalculation has been made. 
It may be said that foods can be purchased to make 
up the deficiency of home-grown crops j but it must 
be borne in mind that the winter is the worst time to 
buy foods, as they generally at this period bring the 
liighest prices; and to feed wholly upon such foods 
may and very likely will bo such an expense that 
any likely balance of profit is lost, and it goes the 
wrong way, against the farmer. Further, purchased 
foods require to be given along with home-grown 
foods in order to get their highest results. So that, 
taking all those points into consideration, it will be 
seen how important it is that the farmer should be 
able to calculate what his whole stock will require of 
his own crops, and what of . purchased foods, these 
latter being bought at the most favourable periods 
for effecting good bargains. And in this department 
also correct calculation must be made, so that the 
weights of materials bought shall not be over oi' 
under the mark. 
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the teohhioai^ students introduction 

TO THE GENERAL PRINCIPLES OF 
KECHANICS. 

Lawb affbctino Katubal Phenomena— Matter and 
Motion. 

CHAPTER XXXI. 

Oircnlar XoTementi induced by Motion of Fluids in Straight 
Directions (eontinibed), 

Wb concluded our last chapter by introducing 
as an illustration the “ undershot ” water-wheel ; 
and of this we proceed to give below a sketch in 
fig. 44. Here the boards a, a, a, corresponding to ah 
in diagram fig, 43, and which are technically termed 
** floats,” are fixed vertically to the frame or shroud 
h h ; and their movement due to the flowing water 
is transferred to the central shaft c by the arms* 
As the floats ” a, a, assume difterent angles in rela- 
tion to the line of level of water, which is that of tlie 
direction of its force or pressure — and the consequence 
is that the water acts obliquely on them, as shown by 
the arrows aty) thus causing a certain loss of pressure 
or force of the flowing water due to its velocity, and 
which Lb only fully exerted when the water acts 



Fig. 44. 

directly on the surface of the float to which it hangs 
vertically, as the floats rise towards side t, they have 
a tendency to lift the water up, thus causing another 
loss of power. In the paper ‘‘ The Boat and Ship 
Builder ” the principle of feathering the floats of a 
paddle-wheel will be found explained. The way this 
acts in the case of an undershot wheel is shown 
at a a in fig. 45, the water striking against the 
floats over the whole of their surface, and not 
obliquely, while they enter and leave the water at 
the line of least resistance. The velocity or force 
or pressure — we have seen that those are con- 
vertible terms — of running or flowing water, which, 
looked at from another point of view, is the fluid 
gravitating or falling from a high to a low level, is 
sometimes made to act upon a wheel placed horizontally 
— that Lb, the shaft or axis is vertical in place of hori- 
zontal, as in fig. 44. The water is led in such a way 
that it strikes the floats at one side of the wheel. 
If the floats radiate to the centre, as at 5 in fig. 46, 
the water strikes them obliquely. Better results are 
obtained in the working of such wheels when the 
VOL. IV. 


floats are curved, as at c, d, and e. Those curved 
parts form practically a series of buckets, as they are 
inclosed between shrouds or plates, both at the under 
and upper sides of the wheel. It is upon the form of 
the hucketSy or the inclined surfaces they present to 
the water impinging upon them, that the efficiency of 
a water-wheel really depends. A good water-wheel 
should give at least 75 per cent, of the power or force 
due to the velocity or pressure of the water ; and if 
the efiective power of the wheel falls below this, the 
form of the buckets or the curved surfaces on which 
the water impinges should be altered, until the best 
results are obtained. 

Some Point! oonneoted with the Obtaining of Motive Power 
from a Flowing Stream. 

There are some points connected with the method 
of obtaining power from a flowing stream, by the 
contrivance illustrated in figs. 44 and 45, which are of 
interest to the student of mechanics. The power 
obtained from the pressure due to the velocity of the 
stream going in the direction of the arrow a, fig. 42, 



Fig. 45. 


is in reality due to the resistance oflered by the float a 
to the pressure tending to turn it in the direction of 
arrow for if there were no resisting power or surface 
at h there would be no communication of the pressure 
of the water at a to the central shaft c conveyed 
through the medium of the arm d. It follows 
that there must be a certain relation of the speed 
of the floats in the direction of arrow i to that of 
the velocity of the stream in the direction of the 
arrow //, and the student should here tliink out, in 
view of this relation, what would be the result if the 
float h ran away, so to say, from the stream at the 
same rate of speed as that possessed by the stream 
represented by the arrow p'. The point here involved 
is of such mechanical importance, that it is essential 
that the student should have clear conceptions about 
it. He will remember our illustration, in a preceding 
paragraph, of the pilot or shunting engine pushing a 
train before it ; and the relation of an engine which 
was going forward at precisely the same speed as 
the train in front of it gives an illustration of the 

10 
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position of matters where the speed of a float is 
the same as the speed of the stream. To put the 
point in familiar language, the train in front would 
not, under the conditions we have just named, give 
time for the pushing force of the engine behind 
it to act, — just as a man could not give a blow 
to another man who was running in front of him 
at the same or a greater velocity. The practical 
deduction, then, in the case of deriving power from 
flowing water by the mechanical contrivance of 
the undershot wheel, os in fig. 44, is that the float h 
should have a velocity in the direction of the arrows so 
much less than that of the stream represented by arrow 
g, as that time, so to say, will be given for the float h 
to receive the full eftective pressure, or blow, of the 
water. In other words, the circumferential or circular 
velocity of the outer points of the wheel shall be in a 
certain proportion to the rectilineal flow or velocity of 
the stream. The proportion found to be best is when 
the velocity of the stream, as p, is two-thirds in 
excess of that of the float h \ or the float h, or (what 
is the same thing) the velocity of the wheel at the 
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outer edge or circumference, is to be one-third of 
the velocity of the stream. The power of the wheel 
depends upon the ratio which the surface of the 
float h bears to the velocity or pressure of the water 
flowing in the direction of arrow g. The student 
might at first sight suppose that in calculating the 
power more than one float would have to be taken 
into account ; but as theDt other floats are all placed 
more or less under oblique action, it is the rule in 
practice to desciibe them as effective factors in the 
calculation, for it will be seen on consideration that 
if there be in the water present between any two 
floats, as j and k in fig. 44, *the water, while it presses 
the one, as forward, as by the arrow k, will, on 
the principle of action and reaction being always 
equal, press or force back the float j in the opposite 
direction, so that the forward or eflfective pressure 
will be nily the two forces being balanced. There will, 
in some positions of the float? other than that at h, 
be a slight excess of the forward over that of the 
backward pressure, but practically it is deemed best 


to consider only one of the floats — that in the position 
at h — as efiective. 

Oblique Action of a Fluid, as Air, on a 8nrfaee.^Tlie 
WindmiU. 

A well-known exemplification of the power obtained 
by oblique action of a fluid on a surface is the “ wind- 
mill.” The principle of this source of motive power 
is exemplified in several mechanical appliances; we 
may illustrate it in o, fig. 46. In this let a represent 
a shaft or axle lying horizontally and capable of 
revolving in bearings. To this shaft suppose a flat 
arm or branch h secured. If this was so placed in 
relation to the shaft as to be at right angles to its line 
of length, as at c, the wind blowing in the direction of 
the arrow as at rf, would simply tend to force the shaft 
end-on against its bearings, or break off the vertical 
arm, as h h. If this was placed as at e, coincident 
with the centre line of shaft, the wind blowing as at 
f would simply pass by the aim on either side, acting 
or pressing only on its thin edge. But if placed 
obliquely, as at with the edge nearest the direction 
in which the wind blows upon it, as at arrow A, the 
position would be as at a b, in which the edge of b 



as that marked would be nearer the wind, blowing 
as in direction of arrow A, than would the edge i i. 
The result of the impinging or stri'eing of the wind 
in the direction of arrow k would be that in striking 
the su^fa(^e of the arm b peipendicularly, a movement 
tending to bring forward the edge i i, or g in plan ; 
but this being rigidly connected with the centre or 
shaft a, it would revolve under the pressure put upon 
the surface of the sail, and cause it to revolve, its 
upper or outer edge describing a circle, as at arrow 
If round the centre of shaft a. This is the principle 
of the windmill. But to keep up the continuity of 
pressure thus communicated to the central shaft a, 
this is provided with four arms, as at a, 6, c, tf, fig. 47. 
These are set on a shaft e, and are kept always facing 
the wind, which we presume to be blowing in the 
direction of the arrow a, fig. 48. The arms are not 
hung vertically, but are, as shown in fig. 48, placed 
oWquely to the vertical axis of the mill building or 
epical tower^ as at 6, c. The oblique shaft <f, which 
carries the arms 5, c, has its step or bearing on the 
floor of the cap i of the tower or mill, and this carries 
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also tbe upper bearing of a vertical shaft which de- 
scends through the centre of the building and takes the 
power to the flour mill or other machinery situated in 
the lower apartment. This shaft g receives motion 
from the sail or arm shaft rf, through bevel wheel 
gearing at/ 

Xeolianioal Points connected with the Windmill, 

As it is essential tliat the sails of the arms 6, c, 
should always be kept facing the wind blowing as at 
arrow a, means have to be provided to shift or move 
round the arms h, c according as the direction of the 
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wind varies. In old-fashioned and small windmills 
a very direct and simple mechanism was adapted to 
this woik, whicli may be yet seen in certain parts of 
this country, and more numerously the Continent. 
The part or cap of the mill carrying the /hafting, and 
in some small mills the whole structure, is supported 
on rollers, or w^oiks in a groove in the base, and a bent 
lever, as a a, fig. 49, secured to the mill structure 6, is 
brought down and terminated near the surfjxce of the 
ground at 6 c. In small mills mere bodily strength 
applied to end c of the lever a a brings or turns 
round the mill structure on its cap, so as to make 
the arms, as 6, c, fig. 48, face the wind a. But in 
larger mills, or to provide for the extra power 
required in blowy weather for turning the shafting, 
small capstans or windlasses are placed at certain 
points on the ground, so that a rope attached to end 
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c of lever a a brings, the end c round to the point 
desired. Another method for turning the arms so 
that the sails shall always be opposed to the wind is 
named here, as it further illustrates the action of a 
fluid on oblique surfaces. The cap of the mill which 
carries the shafting, as shown in fig. 50, is provided 
with an outrigger, a, carrying at its extremity a flat 
‘‘ vane,” 5, the blade or broadest part of which stands 
vertically on the shaft, as at c. When the wind is 
blowing fair on the arms d, of the windmill, corre- 
sponding to & c in fig. 48, as at e, it passes over and 
past the sides of the blade of the vane c, as shown by 


the arrows; and this presenting little or no surface, 
only the small and thin end section, and any ten- 
dency to force it from the right hand to the left being 
counteracted by a tendency of precisely the same force 
on the other side tending to press tbe vane in the 
opposite direction, the vane is balanced, so to say, 
and no motion laterally or sideways is given to it, so 
that the position of the arms dy rf, to the direction of 
the wind blowing right face-on to the sails from e re- 
mains unclianged. But the moment the direction of 
the wind changes, it no longer presses equally on each 
side of the vane b, as at c, but supposing it to shift 
so as to veer or come round and blow in the direction 
of arrow / then striking upon tlie vane, as at 
the oblique action on its surface of the wind, //, 
tends to force the edge g outw^ards, but being rigidly 
connected with the cap, it takes a motion of circular 
revolution, and there is no pressure on the side i 
of the vane to oppose this, save the normal pressure 
of the air, which has always a grcatei* or less ten- 
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dency to resist flat-surfaced bodies passing through 
it. We shall see presently how this very tendency 
is made available to regulate the motion of bodies 
passing swdftly through it. Whatever, then, be the 
direction in which the wind is blowing, the vane b is 
always on the side opposite to that direction, and the 
whole being ligidly connected in the normal position, 
as shown at e rf c, fig. 50, the three elements repre- 
sented by the vane c, the arms d, dy and wind e, ai^ 
maintained uniformly in the stxme relation to each 
other ; this is shown by the dotted lines. We have 
met with young mechanics who did not understand 
how a vane, as a, always keeps to the side opposite to 
that at which the wind is blowing, which in nautical 
phrase is the lee ” or ** leew^ard ” side, as the side on 
which the wind is blowing is called the “ windward ” 
side. The above explanation will show such that 
this tendency of a vane to keep always in one direction 
is one dependent upon the principle of direct and 
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oblique forces, of equal and opposed and of unequal 
and unopposed forces. 

But as a vane must always have a surface large 
enough to give a power to carry round the weight of 
the cap, arms, and shafting, it will in some cases get 
to be of such large dimensions as to be not merely 
unsightly, but not available for use. Another method 
is therefore used in windmill mechanism to keep the 
arms always facing the wind, and is worthy of notice 
here on more accounts than one, as it illustrates not 
merely the principle of fluid action on oblique surfaces 
we are now considering, but an important principle 
in mechanics which has yet to receive further notice 
in this section. In tliis method of adjusting the posi- 
tion of the arms Z>, c, fig. 48, to tlie wind in direction 
of arrow a, the cap, as r, is as before movable, being 
supported on and running freely upon metal balls 
placed in a groove on the top ledge of the mill 
structure or tower. A circular mck is secured* to the 
low^erpart of cap, immediately above the roller groove. 
With the teeth of this a small pinion engages; the 
shaft of pinion receives motion by a train of hovel- 
wheel gearing from the shaft, running at right angles 
to shaft d of the sail arms h, c, of the small circular 
vane j carried on the end of an outrigger or 
projecting fiame h. The vane j is in fact a small 
windmill, with arms or sails placed obliquely to the 
central shaft, as in diagram, fig. 47. But the arms, 
being small in sui face, are made solid throughout, and 
the arms or sails being once and permanently fixed to 
the shaft, remain always at the same angle of obliquity. 
The relation of this small windmill J, in fig. 48; to the 
sails 6, c, and wind as at a, is precisely the same as 
that of the vane h in fig. 50 to the sails d, d ; for 
when the wind is blowing directly on the stiils, as at a, 
the wind presses equally on both sides of the oblique 
arms or sails of the circular vane j, so that, the 
pressure being balanced, no change of position is 
effected ; this only takes place when the direction of 
the wind e changes, as at/, fig. 50. 

The large arms or sails of the windmill, as in 
fig- 47, are seen to be much wider at the outer ends, 
as a 5, c (2, than at the inner, where they meet the 
central shaft e : a good proportion for the width of 
outer end, as a, is one-fourth of the diameter h d. 
The sail stops short of the centre, a distance of about 
one-twelfth of the diameter, as in 5 fig. 47, and 
as shown in fig. 51, at a. The surface of the sail- 
covered part of the arm is found to be most effective 
when arranged in relation to the centre a 5 of the 
arm in fig. 51, taking a 5 as the radius, when 5 c is 
one-third of the radius, b d one-sixth, the distance at 
fl, where the sail stops short, being as stated above, 
which is equal to one-sixth of a h. The sails are set, 
as we have shown at ^ in fig. 46, oblique to the axle 


or central shaft which carries them, so that the force 
of the wind is imparted in two directions — one in the 
length of the axle, tending to move it end-on in the 
direction of the arrow h in fig. 44, the other in the 
direction from the axis a to the end of sail ij^ the two 
resulting in a motion of revolution of the sail round 
the central shaft or axis a. If the sail was set, as in 
fig. 45, as various sections — as, for example, at e and/ 
—this would give various breadths of sail surface to 
be acted upon by the wind. The same is found in the 
sail as ordinarily set, as in fig. 51, at lines e and / 
The angle of obliquity, then, which would suit the 
extent of sail surface at section or breadth e would 
obviously not suit the surface at breadth /. The 
wind will take a longer time, so to say, to travel over 
the tbroad surface at e than it will at /; and as the 
sail approaches the central shaft a, the loss will be 
the effective force of the wind in turning' it. And 
near the shaft it becomes so little powerful that the 
sail, as wo have seen, stops short of the centre by the 
space a. To make up for this difference in the effective 
force of the wind at different parts of the sail surface, 
the angle of obliquity of the surface at different points 
should bear a certain proportion to the width at that 
part ; hence the angle of obliquity should be greater 
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at the narrow end, as towards a, and gradually decrease 
or flatten as it approaches the end c h d. This is 
shown by the dark lines in fig. 51. The celebrated 
engineer Smeaton, who investigated closely the work- 
ing conditions of windmills, estimated the varying 
angles as follows : Dividing the radius of the arm 
into parts of five feet, he found the best angle for 
the breadth of the sail at the first point — five feet — 
from the centre to be 18°, at the second 19°, third 
18°, fourth 16°, fifth 12^°, and at the sixth 7°. To 
obtain the varying surface thus required to gain the 
utmost efficiency, the sail- covering canvas is stretched 
upon the framework of the arm, so that when fully 
extended the surface is bent or curved in the direc- 
tion of its breadth, or twisted so that it presents the 
appearance of a screw or spiral surface, the twist 
being greatest near the centre and gradually lessening 
as it approaches the end. As the force of the wind 
is perpetually varying, and as the work to be done is 
in some respects a variable quantity also, it is neces 
i^ipy for equable working that some means should be 
within reach of equalising the effect of the wind upon 
the mill arms. 
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Teadb. 

CHAPTER XX. 

(3) AETIFIOIAL OOLOUEING-MATTEE8 ; AIHLINE 
DYES, ETC. 

The great majority of the dyes employed in modem 
calico printing are artificially prepared. Whilst the 
shades of colour forming dyes of moderate fastness 
obtainable from natural sources are but limited, those 
which are now readily produced by artificial dyes 
range through every possible shade of colour. It 
may be said that the only perfect shades of fast 
colours obtained from the former class of products 
comprise yellows and oranges (unrivalled by artificial 
productions), reds and pinks, dark and light blues, 
and black ; whilst brilliant shades of blue, green, and 
violet, which ore of the most vital importance in 
fabric decoration, are entirely absent from the list. 

A few years ago almost all the colouring- matters 
applicable in calico printing were of the two fore- 
going divisions — namely, mineral pigments and 
vegetable dyes. Only recently have the achievements 
of chemistry revolutionised the entire industry by 
the introduction of alizarine and of aniline and 
allied dyes. No better illustration could be drawn 
of the aid which pui*ely scientific research can bestow 
on the manufactures, than that of the production of 
artificial colouring-matters. The highest scientific 
and mathematical training have, with signal success, 
been brought to bear upon the pi’actical questions of 
the production, on a large and profitable scale, of 
dyes which could compete with natural, in many cases 
being vastly cheaper and superior. An immense 
amount of German research has resulted in the 
discovery of artificial alizarine and of most of the 
aniline dyes; of English and other research, in the 
production of other anilines, which may be said to 
have revolutionised the industry of calico printing. 
The artificial dyes, apart from their general cheapness, 
mostly possess the advantage over the older dyes of 
being easy of application and frequently very fast. In 
the case of bright green, for example, in place of 
the numerous expensive and often poisonous greens 
formerly used, we have crystal aniline green, which, 
for economy, stability, and simplicity of application, 
leaves nothing to be desired. 

Most of these artificial dyes are, as is well known, 
derived from coal tar, and such has been the effect of 
this utilisation in enhancing the value of the hitherto 
almost waste and troublesome product, that we may 
reasonably expect that coal will be treated for the 
main purpose of obtaining the tar — with but 
secondary attention being given to the gas and coke 
obtained. 


For convenience of treatment — ^although not per- 
haps the most scientific arrangement, yet the most 
practical we will treat of the aHificial dyes under 
the heads Alizarine, Reds, Yellows, Blues, Greem 
Violets, Blacks. 

A Red Artificial Colouring Hatters. 

1. Alizarine : the Principle of Turkey Red or M idd^er 
Red; the Base of Madder Lake. 

Alizarine is an organic compound, and is the 
colouring-principle in madder, and may, of course, 
be obtained from that product, by careful extraction, 
with solvents. Alizarine is an acid, its correct name 
being alizaric acid'; is a deep-orange-coloured beauti- 
fully crystalline compound, insoluble in water, acids, 
etc., which readily volatilises in yellow flames when 
heated to 200° 0. ; it dissolv'es readily in alkalies to a 
blue or violet solution. 

Manufacture of Alizarine , — The original base of 
alizarine is coal tar ; from this substance alizarine 
is manufactured by a series of chemical treatments 
which may be roughly summarised as follows : — 

(1) The Manufacture of Anthracon. When coal is 
subject to destructive distillation it yields coal gas, 
ammoniacal liquor, light oils, heavy oils, and lastly 
pitch and coke. The heavy oils consist of naphthalin, 
phenol, crosol, and analogous organic bodies, and 
anthracen, which is contained in tho last distillation. 
This is subjtH^tod to a process of purification until 
nearly pure anthraticn is obtained as a greenish 
paraffin crystalline-like substance is obtained, melting 
at 205° 0. to 208° C. On carefully heating, pure 
anthracon sublimes and condenses in small lamellar 
crystals, which melt at 212° to 215°, 

(2) Ck)n version of Anthracen into Anthra- 

chinon (Oj^HgOg). This may be affected in several 
ways, that generally employed being to treat 1 part 
anthracen with 2 parts bichromate of potash and 
sulphuric acid. 

(3) Conversion of Anthrachinon (Ci^IIgO.^) into Bi- 
bromanthrachinon (Oj^IIgBroOg), This is accomplished 
by heating 1 equivalent of anthrachinon and 4 
equivalents of bromine in closeil vessels, for several 
hours, to a temperature of 80° to 130° 0. 

(4) Conversion of the latter into Alizarine. The 
bromine derivation now obtained is treated with 
concentrated caustic alkali potash or soda at 180“ 
to, 260® C., whereby the bromine is recovered. The 
mixture assumes first a blue, then an intense violet 
colour, duo to the formation of alizarate of soda or 
potash. The mass is allowed to cool, dissolved in 
water, filtered, and excess of sulphuric or hydrochloric 
acid added, whereby alizarine is precipitated in 
orange flakes, which are washed, filtered, imd made 
into a paste or extract ” with water for the market, 
the strength being generally fibs:ed at 20 per cent. 
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Artificial Alizarine. — Alizarin, the tinctorial 
principle in madder, yields with different mordants 
varying shades of red, violet, and black. It occurs 
in commerce in a paste containing 10 or 20 per cent, 
of colouring-matter, consisting essentially of either 
pure alizaric acid, or a mixture of this body with a 
closely allied body, purpuric acid ; or it consists solely 
of the latter substance. The more of the latter 
substance it contains, the yellower is the shade 
obtained from it with an alumina mordant ; the 
more alizarine, the bluer is the shade. 

If the commercial alizarine extract be dried and 
carefully heated, pure alizarine or purpuric acid 
volatilise (at about 216“ 0. to 240“ 0.), and when the 
yellow fumes are cooled they condense into beautiful 
orange-yellow crystals. This is the purest form of 
alizarine. Those crystals are insoluble in water ; in 
solution of caustic soda they diss(jlve to a beautiful 
violet solution of alizarate of soda : most salts, which 
turn red litmus blue, such as carbonate and silicate 
of soda, etc., act similarly. When alizarine is heated 
with acetate of alumina, a red precipitate is obtained ; 
with acetate of ii'on a black or violet precipitate; 
with copper, lead, tin, chromium and other metals 
precipitates are obtained. 

2 . Aniline Scarlet, Ponseau, Amaranthe, Fast Red, 
Cochineal Substitute, New Red, Coccinine or 
Naphihalin Scarlet. 

This magnificent dye may be taken as a type of 
the aniline colours. It yields the most brilliant 
scarlet possible to obtain, or indeed possible to con- 
ceive ; but unfortunately it cannot bo produced fast 
upon cotton. If means were discovered of rendering 
it, or some similar compound, as fast as alizarine 
scarlet, it would revolutionise modern calico printing. 
Such a discovery, however, is not likely to be made. 
On wool and silk the shade yielded is equally bright 
to that yielded on cotton. 

Naphthalin scarlet is a deep red powder, manu- 
factured of a variety of shades, varying from orange- 
red and scarlet to very blue shade. It is very readily 
soluble in water, giving a bright, deep, scarlet- 
coloured liquid, which readily imparts its colour to 
starch paste, forming the “ colour ” used for printing 
cotton “ loose steam work." The colour obtained 
of course readily washes off in cold water, but it 
resists moderately well the action of light, and hence 
is much used in printing window cretonne curtaina 

There ai’o a great variety of aniline scarlets in the 
market, differing but slightly from each other, and 
known by a still greater variety of names. Aniline 
scarlet is manufactured by the eminent ffrms Meister, 
Lucius &L Bruning, The Farbenfabriken (late F. Bayer 
A Oo., Brooke, Simpson & Spiller, etc.) 


3. Magenta, Romniline, Fmhsme (pron. few-sheen), 
Aniline Crimson, or Ruhine (C 2 OHJ 0 N 3 ) HOI. 

This dye was first manufactured in 1856 by Hof- 
mann, by the oxidation of aniline, by treating with 
chloride of carbon at 170“ to 180° C. for several hours 
under pressure. The product obtained by Hofmann 
was impure ; it is now made both in this country and 
in Germany in a state of purity. 

Magenta occurs in commerce in the form of beautiful 
green crystals, of accurate formation and of metallic 
lustre ; they readily dissolve in water, alcohol, or acetic 
acid. The solution, when printed with alumina, yields 
an exceedingly pretty and well-liked shade of crimson, 
or pink or red of a very blue or violet shade ; with 
tannic acid a less bright but faster red is obtained. 
Magenta is very loose both to soap and light, and to 
acids. It is much used in compound colours, such as 
chocolates. 

Many varieties of magenta are sold ; some are called 

cerise," ‘‘aniline chocolate," etc., which are simply 
impure qualities of magenta, or slightly modified com- 
pounds: thus, a product known as phosphine is the 
nitrate of rosaniline (O. 20 HJ 7 H 3 ) HNO^, instead of the 
hydrochloride', rosaniline is the hydrate (Cg^Hj^^Ng) 
HgO. 

Magenta is manufactured by the firms of Meister, 
Lucius & Bruning, Roberts, Dale k Co,, Manchester, 
The Farbenfabriken, etc. 

4. Saffranine (O.iHj^^^N^) HCl. 

This beautiful dye has been named after the natural 
product safflower, which it resembles in shade — namely, 
a delicate pure pink of a slight blue or violet shade. 
Baffmnine of good quality is a chocolate-coloured 
powder readily soluble in water, alcohol or acetic 
acid to a fine red solution, which, when printed with 
alumina mordant, yields a magnificent bright pink, but 
which, like magenta, is loose both to light and soap. 
Saffranine has the curious property of turning to a 
beautiful blue colour with strong hydrochloric acid, 
returning again to red or pink when sufficiently diluted 
with water. 

6. Eocine (CgoHgBr^Oj). 

Eocine is another magnificent dye derived from coal- 
tar compounds. The shade produced on cotton by 
this dye is not exactly similai* to that of aniline scarlet, 
and in properties it differs considerably from that sub- 
stance. It cannot be effectually fixed upon cotton, 
but on wool it is not so loose, especially when mordanted 
with lead, with which eocine forms a stable scarlet 
lake or precipitate of great brilliance, and generally 
known, when prepared as a lake, under the name of 
“ vermilionette.” The chief use of eocine in calico 
prmting is that of yielding a red discharge when 
prmted along with tin crystals, etc., on manganic 
bronze cloth ; the eocine is not destroyed by the acid 
of the tin salt, 
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THE MACHIHE MAXES Ofi GEHEEAL 
HACHDnST. 

Special Examples of his Wobk— Its Leading Tech- 
nical Peinciples and Details. 

CHAPTER VII. 

In connection with the subject opened up in last 
paragPHph of preceding chapter, we have to remark 
that a train of very curious mechanical suggestions is 
here brought up by the consideration we there named, 
for it involved the problem how to give accuracy to 
mechanical construction, hitherto unattainable, by the 
use of machine tools possessing this accuracy, and 
which therefore had themselves to be made with 
rigid precision. If the technical reader will tliink 
this position out, looking at it all round, he will find 
— probably somewhat to his surprise, certainly to his 
practical advantage — that a gi-eat many lessons of 
practical value to him as a maker as well as a reader 
can be got from it. 

What under the point we are now considering we 
wish to direct attention to is this : that all the early 
forms of mechanical construction we have referred 
to were brought out by the practical mechanic or 
machinist, quite independently of the theorist or 
purely scientific man, not aided by but rather in spite 
of, so to say, what literature said to be mechanical 
was at his command. Such literature was certainly 
possessed of the heavy metal of mathematical 
formulae and calculations,’^ to prove the power, or as 
we should perhaps call it the theoretical possibility, of 
an arrangement of the meclianical powers ” by wiiich 
‘‘ a power wliich is much loss than the one-hundredth 
part of a pound will bee able to move the world,” — 
those mechanical powers ” bearing, if we may so say, 
the same relation to the laboured disquisition of the 
theorists who wrote such ponderous treatises on what 
was called mechanics as the boxes, the jars, and 
other paraphernalia of the conjurer to the sleight-of- 
hand tricks with which he astonishes his gaping 
audience. But of any real help to the working 
macliinist in suggesting machines which would be, not 
to say possible, but practical and useful, none was 
offered in the pages of those portentous volumes. Far 
less could the machinist gather from them, if we can 
conceive of him referring to them at all with any such 
vain hope in his mind, any remarks upon or practically 
available suggestions connected with the parts of the 
machines and the dimensions or forms which they 
should have in order to gain the sti’ength required to 
do the work for which they were designed. Such a 
matter of strength was far too material a consideration 
for those who dwelt so much in the clouds, and built 
there so readily their mechanical castles. And if one 
of those early writers condescended to consider this 
point at all, he deemed it one of such indifference, or 


of such easy attainment if desired, that it might be left 
quite out of his calculations as to what was necessary 
to be given in his pages. How little the actual 
daily work of the machinist, and the difficulties it 
brought with it, were thought of, may be gathered 
from the following sentence taken from an early work 
profuse in its marvellous machines. It were need- 
lesse,” says the writer, with amusing nonchalance, ‘‘ it 
were needlesse to set down any particular expheation 
how such mechanical strength may be applied unto 
all kinds of local motion ; since this in itself is so 
facile and obvious that every ordinary artificer doth 
sufficiently understand it.” If it be true that one 
half of the world docs not know how the other half 
lives, it is no less true in regard to bow people work. 
Had this writer — a type of nearly all the early writers 
on mechanical subjects — known more of the actual 
working life of the ordinary artificer,” he would 
have found it to be quite a difterent thing from what 
he thought of it, if, indeed, ho gave any true thought 
to it at alL Much more “ facile ” {facilisy from facere^ 
to make) was it for him to build his mechanical castles 
in the air than it was for the “ ordinary artificer ” to 
apply properly mechanical strength” to his local 
motions, who, if he did sufficiently understand it,” 
did so in very rare cases, and only through hap- 
hazard rule of their conjectures, or after infinite and 
painful experience. It would have h'cn well for that 
union of practice with science ” which lias done so 
much for the machinist of modern times, had the 
scientists of the early times come down from their 
high regions in which they soared, and mixed with 
those who carried on what they deemed to be the 
‘‘prosaic work” of the practical life of the “ordinary” 
artificer. They would have found that such matters 
as they pronounced “ facile ” and “ well understood ” 
were neither so easy nor so thoroughly comprehended. 

It is even now forgotten that the aliove-namod well- 
known aphorism is capable of two readings; and we fear 
that the scientific man not seldom opines that what is 
really wanted is that practice should avail itself of 
science, forgetful of or ignorant of the fact that science 
would be greatly the better frequently for being taught 
by practice. It is not so long ago that a profoundly 
scientific man left London for the provincial seat of a 
well-known manufacture, with the avowed purpose 
of shedding the light of his knowledge on its darkened 
legions, and of showing the workmen the depths of 
their ignorance, and how he could save them from its 
results. It took no long time for him to be made 
aware — and probably painfully, as the truth would 
scarcely be palatable to his scientific amowrpropre — 
that the much despised rule-of-thumb practice derived 
from and wholly the result of generations of working 
experience was in reality truly scientific in its basis, 
and that it bristled^ so to sa^, with points all essential 
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to practice of which he had been wholly ignorant. In 
place, then, of asking the workmen to come to bis 
school to be taught, he felt that he had the greater 
need to go to them to be taught what would in fact 
enable him to teach them better. 

TTnion of Soienoe with Practioo in Meohanioal Work. 

This union of science with practice, viewing it also 
in an inverted order in regard to the work of the 
early machinists, was long in being consummated, 
and the relationship or bond between the parties — the 
man of science and the man of practice — was at first 
of the slenderest nature. Many years passed away 
before the scientist seemed to have any definite con- 
ception of the fact that all his laboured descriptions, 
his intricate diagrams, or his pictorial representations 
of possible and impossible machines, and his puzzling, 
perplexing mathematical calculations, were and could 
not be of any practical service to the work-a-day 
world. For long, indeed, it seemed as if scientists 
dwelt in a region exclusively their own, in which work 
to be done was the last thing to l>e thought of — as, 
indeed, this work not to them existing, thought was 
quite unnecessary. And when, in course of time, the 
truth that they did dwell in the dull regions of 
humanity, where work and painful work had to be 
done — men being impelled thereto or “ compelled by 
the stern necessity of living” — dawned upon them, 
the help they gave was for long of a very meagre kind, 
and could be availed of by the practical man in but a 
very limited way. Nor was it likely to be other than 
this, for however ingenious the theories on which the 
strength of parts of machines or machine structures 
were based, the formulae given in connection with them 
could and did have no value to the practical machinist; 
as accurate data in connection with the materials of 
which those parts were made did not exist— at least, 
had’ not been recorded by practical men, the majority 
of whom, indeed, did not deem the matter worthy of 
that close attention necessary to get trustworthy facts 
worthy of record. It was long before the truth 
dawned upon the minds of scientists that the first thing 
they had to do was to take the materials used by the 
machinist, ascertain their constructive peculiarities, 
thereafter to put them to the tests of bearing weights 
or active pressures or forces, which might be applied 
to them in doing the work for which they were 
designed. Data would thus have been obtained by 
which rules could have been based— those being 
known now as the “constants” applied to the 
formul® by which calculations of the strength of 
materials wore made. When this great step in 
work, which, whether the theorists liked the term 
or not — and we can judge from what has been said 
that they were at the least rather chary of having 
it applied to them — ^was essentially praoHcdlf quite a 


new era in the history of the art and science of machine 
making was opened up. And the technical reader 
will at once perceive that this union of practice and 
science opened up a wide field of investigation and 
observation, which, although it of course existed,^ had 
never been really entered upon. The very attempt to 
find “ constants ” — as, for example, that to determine 
the breaking weight of a beam — would, as of necessity, 
direct attention to the fact that differences in the 
value — the constructive value — of materials existed 
in practice; and to put the matter in the familiar, 
yet most suggestive way expressed in the paraphrase 
of a well-known foreign proverb, there “was iron 
and iron,” for example, steel and steel, timber and 
timber: in other words, one lot or piece of any 
one of those materials might not be of equal con- 
structive value with another lot or piece, the truth 
being much more likely, in those the early days 
of the manufacture, say of iron, that there was a 
great difference in their value. Even now, when such 
improvements have been made in the manufacture 
both of iron and steel, there is anything but uni- 
formity in the constructive value of lots made by 
different makers, or even in different lots or parcels 
made by the same manufacturer at different times. 
Again, although we have now “constants” for the 
expression of the constructive value of different kinds 
of timber, which have been deduced from the experi- 
ments carefully made by scientific men, the fact 
remains that, in doing their work with them, 
machinists and others, merely by their rule-of- 
thumb methods, had in large degree anticipated 
the results of those experiments, and had, at least 
in a rough fashion, determined the values of the 
different kinds for certain classes of work. Thus it 
happened that at one time — and although we are so 
far advanced this holds true with many machinists 
of the present day — all mateiials of the same class 
were taken to be of the same value : if a rod of ii’on 
gave in one machine a certain strength, an exactly 
similar rod would be looked upon and treated as if 
it were precisely of the same constructive value. Iron 
was iron, and nothing else, therefore one piece of 
iron was as good as another ; and although at times 
a somewhat disagreeable shock, and one costly in its 
i*esults, was given to this pleasingly comfortable belief 
by some thoroughly bad piece of metal giving way 
when least expected, still as a rule then, and to some 
extent it still is so now, machinists were quite content 
to go on from day to day using materials in the belief, 
if not expressed at least mentally held, that theii 
makers would give them, if not the best of “ stuff,” 
at least that which would be so uniform in quality 
that ^hictically it was not worth their while to Inquire 
into the matter to see whether it was so or not. 
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CHAPTER XXIV. 

The Graiing Qaestion.—Inproyement of Grass Lauds. 

We have devoted several paragraphs to a general 
notice of the two systems of cattle feeding and 
rearing known as (1) grazing, otherwise and more 
popularly termed pasturing, and (2) stall or house 
feeding. The features of each of these two systems 
were there pretty fully discussed, and several of the 
details of their practice given. However worthy 
the best consideration of the farmer the permanent 
stall or house feeding system may be, it is at present 
quite an exceptional practice — grazing or pasturing 
of stock, alike of fattening cattle and of dairy cows, 
being the rule in the practice of British farming. 
Tliat these two systems will remain in this relative 
position of importance is likely to be the case for a 
long time. It is therefore a matter of great moment 
that the best method of carrying out the practice of 
grazing be thoroughly understood. To say that in 
this department of industrial or technical work there 
is a right and a wrong way of candying it on, and 
that but too many, unfortunately alike for their own 
interests and those of the nation 'at large, adopt as a 
rule the wrong method, is only after all directing 
attention to a peculiarity of business method by no 
means confined to farming, but met with in every 
branch of trade. While not at all inclined to take 
a pessimist view of the matter — that is, professing to 
look at its worst side — there is but little doubt of the 
fact that many so-called practical men seem to be quite 
satisfied with little more than the fact that they are 
carrying out the practice of “grazing,” as if “the name 
of the thing” were all that was essential, and are 
not desirous to inquire whether it is grazing upon 
correct principles, and, indeed, as if they considered 
that it had no principles at all by which its practice 
could be guided. There are, on the other hand, not a 
few — ^we are inclined to think, taking the results of 
practice all round, they are the majority — who carry 
out grazing in such a way that if they do not secure 
all the advantages which the system is capable of 
giving, secure them to a great extent ; while there are 
a few who in their practice show what may be called 
the perfection of grazing. From what such autho- 
rities have done, and the manner in which they do 
it, we are enabled to formulate a set of rules or 
principles of practice which will be of great service 
to the grazier, and indoctrinate the student with 
much of what it is essential he should know. 


And here it is necessary to point out the fallacy of 
the opinion held by many farmers, and certainly by 
tl e popular mind, that if land be but grass land it is 
fitted for the grazing of Jive stock ; one farm, according 
to this notion, being quite or very nearly the same as 
another farm, so far as the quality of the grass taken 
as a whole is concerned. It is forgotten that, to 
paraphrase the French proverb, which reminds us 
that there are “ faggots and faggots,” so there are 
grasses and grasses ; that while one grass field may 
present food for stock of the most nutritious character, 
another will yield grass of a kind totally the reverse. 
And, so far from the advice being given of wl)ich one 
has board so much lately — “ Convert your arable land 
into grass pastiu’es ” — there would, so far as concerns 
not a few farmers, be more sound counsel given to 
those who possess gi-ass lands, if they were advised 
thus : “Improve them, make them much better for the 
stock you do keep, and on the same land you may keep 
more stock, or what will be the same thing in efiect, 
the same number of stock you do keep will pay you 
better, as they will bo fed better.” Important as this 
point will on consideration appear, there is more in it 
than it oven presents at first sight. For it is not only 
that what grasses are prevalent in, or in fact con- 
stitute the pastures, may be in good condition — that is, 
be well cultivated — but it is also that those grasses are 
fitted for cattle feeding. For it should be remembered 
that one may give his best ability to doing work, but 
if that is not of the kind required, his labour is but 
in vain. There are weeds, and grasses ; but there are 
some grasses which, so far as nutritive or feeding quali- 
ties are concerned, are but little better than weeds, so 
that while to keep lands having grasses of this char- 
acter free from what on all hands is admitted to be 
weeds may be, and is in a certain sense good, inasmuch 
as, so far as it goes, it is careful farming, it is not 
the kind of farming which is required. The grazier, 
therefore, should possess a good knowledge of the 
different kinds of grasses. On this point we may have 
some practical remarks to ofier in future paragraphs. 
Meanwhile we proceed to draw the attention of the 
student-reader to some other points necessaiy to be 
considered on the subject of grazing. 

Improvement of Grass Lands (con/intwd). 

It is not enough, as we have seen, that the kinds 
or qualities of the grasses should be good, that is, 
nutritious, to begin with ; but if these good qualities 
are not naturally present tliey should, by judicious 
selection and management, bo added to the land in the 
way hereafter to be noticed. It is equally necessary 
that by attention and careful cultivation the good 
grasses should be kept in the highest feeding condition. 
This is secured by having the land always in that 
condition which is known to practical men as “ clean.” 
This quality is only obtained by a constant looking 
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after the condition of the fields, by keeping down the 
weeds, and by the judicious addition of manures — 
which are, of course, applied in the form of what are 
called “ top dressings ” (see ** The Farmer ”). We 
are well aware that while many fanners do not 
grudge abundant manuring to meadow lands, so as 
to have large crops of hay, they seem to think it 
quite unnecessary to add to the richness of their 
pasture fields by a like liberal manuring. This is, 
however, a great mistake. For where grasses are 
either naturally good in pastures, or made good by 
judicious ‘‘seeding,” they will be greatly improved 
by the application of proper manures — that is, suited 
to the soil. And it is a suggestive consideration 
under this head that where pasture lands are much 
infested by weeds the application of manure top- 
dressings has very frequently the effect of killing 
the weeds. Not is it a less significant point to 
note in this connection, that not only are woods 
killed and the good grasses improved, but grasses 
make their appearance which before wore absent, as 
if the weeds had occupied their places or prevented 
them from coming up. For it is a singular fact that 
grass seeds or roots — and this often applies to weed 
seeds and roots — may lie dormant in a soil for 
years, and, so far as we know, would continue to do 
so perpetually till the land, for some reason or other, 
has been broken up or ploughed. This is indeed one 
reason added to others why old pastures, thoroughly 
worn out or exhausted or overrun with bad grasses 
which cannot be replaced by good ones, and infested 
with weeds which cannot be got rid of, should bo 
broken up, and the land thoroughly cleaned and 
prepared for a new laying down of a permanent 
pasture with seeds appropriate to the soil and 
locality. 

PeouliaritioB of Gran Lands. 

It is one proof of the fact that farming in any 
one of its branches is not the easy, happy-go-lucky 
calling which it is populai’ly supposed to be, but that 
it is one demanding great skill and no small amount 
of scientific knowledge, that amongst the obscure 
points about which wo shall probably know more in 
the future in connection with gi^ass land is this: 
that of lands placed, as far as we can judge, under 
precisely the same circumstances, and having the 
same cultural peculiarities, and receiving what is 
called good farming, some will keep up in quality of 
grass — indeed, will to some extent improve — while 
others will gradually go back and get so deteriorated 
that breaking up and re-seeding may be the only 
thing left to be done. There are many things 
conducing to this deterioration of which we can only 
conjecture ; but one cause is but too frequently lost 
sight of — and that is, that the lands may have been 
badly drained at the first, or if the plan of drainage 


was good, the details of its work may have been so 
bad that the drains gradually got out of order, and 
from well drained, and in so far as good drainage is 
an active agent therefore highly productive, got 
ultimately into a badly drained and therefore un- 
productive condition. From this the student will 
infer, and rightly, that grass lands ought to be care- 
fully drained. There are acres upon acres of grass 
land, so called, throughout the kingdom, which, even 
to an inexperienced eye, are seen to be of wretched 
quality, yet which, if drained properly, would become 
highly valuable. For it is not that the soil is 
defective, or the climate or locality bad : all may be 
and often are good, sometimes of the best, and 
capable of yielding the richest of pastures; but 
the grasses will not grow, the soil produces chiefly 
coarse, rank herbage, and over its surface are 
dotted here and there clumps of aquatic plants, 
such as the well-known “ rush,” which toll as plainly 
as they can of what is in reality a wanton waste 
of tliat which is inherently good. Drainage, then, 
is essential ; good grass land cannot be “ made^' 
without it; and out of what are now good, bad 
or indifferent may result if the drains cease to be 
thoroughly effective in operation. The necessity for 
most effective drainage in grass lands arises not 
merely from its getting rid of stagnant and excessive 
water in the soil, but also its admitting the highly 
beneficial influence of the atmosphere to act upon it, 
for this alone can be done in the case of grass land, 
which cannot be opened up like arable land from the 
surface, through the agency of the underground 
channels afforded by the drains. How important a 
part the atmospheric agencies play in all vegetation 
the reader will see by referring to the paper entitled 
« The Farmer.” 

The Weeds of Grass Lands, 

In a preceding paragraph in this chapter we have 
referred to the influence which good manuring has 
upon grass lands in getting rid of weeds. Where the 
fields are much infested with the weeds so prevalent 
almost in every locality —as the dock, the plantain, 
the ranunculus or buttercup, the thistle, and that 
coarse-leaved yellow-flowered plant so well known 
to and so graphically described by the Scottish 
farmers as the “ curse of Scotland ” (it being said that 
it was unknown to that country till taken into it by 
the English horses of the army of the Duke of Oum- 
berland at the time of the Rebellion) — special means 
may have to be taken to get rid of them. Where the 
land is very foul with all those weeds, worse than 
merely and evidently worthless, inasmuch as they 
keep Awn the grasses which are so far good, it is 
often well “ scarified ” or opened up with the tines of 
a cultivator or grubbei*. 
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THE mOH UAEEB: 

The Details of his Work and the Principles of its 
Processes. 

CHAPTER XIV. 

The Hot Blast for Iron Blast Furnaces (continued). 

At end of precedin^j chapter we referred to the first 
attempt by Mr. Noilson, of Glasgow, to heat the 
air sent into the blast furnace. The contrivance 
this gentleman employed in the first instance was 
very elementary and simple, as the appliances of 
important discoveries and inventions generally are, till 
a wide experience leads to more perfect arrangements. 
The first heater employed by Mr. Xeilson was ap- 
parently suggested by the ordinary retort of a gasworks, 
or, as some suppose — with, however, a less approach, as 
we think, to the actual fact — by a steam boiler of the 
shape very largely then used. The retort- like vessel 
was made of wrought iron and inclosed in a furnace 
some four feet long, three high and two wide, which 
furnace supplied with fire quite heated the exterior 
of the iron vessel precisely as the gasworks furnace 
heated the retort. A tube or pipe was connected at 
one end of the iron heater, and at the other to the 
delivery pipe of the blowing engine. At the oppo- 
site end of the heating vessel a tube was attached 
leading directly to the blast furnace tuydres. The 
air thus blown through the heating vessel in the 
special furn.'ice was then raised in temperature — 
some 140"^ Fahr. above the normal temperature of the 
atmospliere, which we may assume to be 60°. But 
this temperature of 200° at which the air entered the 
blast furnace, although so much higher than that of 
the ordinary air, by no means satisfied Mr. Ncilson. 
He soon saw that another and a more carefully 
thought out form of heating vessel furnace was 
required. The first improvement made was the sub- 
stitution of cast iron for the wrouglit iron at first 
used in the construction of the vessel through which 
the air passed to be heated. This cast iron lusted 
much longer than wrought, and obviously lent itself 
with greater ease and economy to any peculiar form 
or shape of the heating vessel which experience might 
show to be best. After repeated trials Mr. Neilson 
at last hit upon a form of heating vessel and furnace 
which with greater or less modification contains the 
germ of all, or very nearly all the hot-blast furnaces 
or ** ovens,” as they are very frequently, if not 
generally called in the trade — which by succeeding 
inventors and iron nuisters have been from time to 
time introduced. The principle of this improved 
form we illustrate in fig. 7, Plate CLYI. A scries of 
arched cast-iron pipes or tubes, a, a, were placed over a 
furnace, the fire-grate and -place being at b 6, the flame 
and heated air from the fuel in the grate coming in 
contact, as at a a, with the lower and side surfaces of 


the tubes a, a. Running along the length of the fur- 
nace were two horizontal pipes, d and /, lying on and 
imbedded in the brickwork of the furnace. These 
pipes were furnished at intervals along their length 
with short vertical tubes or socket pipes, correspond- 
ing in number to the arch tubes a, a, the ends of which 
were placed in the socket pipes — spigot and faucet 
fashion — somewhat as shown in section at e. Into 
one of these horizontal pipes, as the one at d, the air 
was forced by the blowing engine, and compelled to 
pass along its length, and finding no other outlets, 
also up and over the arch pipes a, a ; it was then taken 
up by the other and opposite horizontal tube f, and 
and led by a pipe g directly to the tuyeres of the 
blast furnace. The reader will perceive the ingenuity 
by which a large heating surface was obtained in a 
comparatively small space. So effective was the ap- 
paratus, that a temperature of 600° Fahr. was obtained 
by it — a degree of heat which fully entitled the air 
passing into the blast furnace to be entitled a ‘‘hot 
blast.” Although this temperature had been attained 
by another and a preceding design of Mr. Xeilson, in 
which the feature was simply what might be called an 
elongated retort or long heating pipe, still the tempera- 
ture was secured by a much more economical furnace. 
Thus tho new furnace, as in fig, 7, Plate CLVI., gave 
the same temperature as the one which preceded it, 
with about two-thirds of the heating surface per tuyere 
and with less than one-half of the area of fire-grate. We 
have said that tho improved form illustrated in fig. 7, 
Plato CLVI., was the germ or stock of all or nearly 
all the forms of hot-blast ovens which have been since 
introduced into practice. Fig. 5, Plate CLVI,, illus- 
trates a later arrangement of hot-blast oven, in which 
the same principle of arched heating pipes is embodied, 
but in a modified form. This will givd* the reader a 
fair idea of the general principle of arrangement of 
the ovens now in use. 

So successful was the hot-blast principle, and so 
lupidly did it recommend itself to the iron masters 
throughout the country, that it very shortly so altered 
the conditions of working blast furnaces as to prac- 
tically revolutionise the trade. But high as the tem- 
perature obtained by the system was, so manifest were 
tho advantages obtainable by the use of highly heated 
air for blast furnace working, that tho desire rapidly 
extended to have the means of obtaining a temperature 
still higher. And so successful have been the efforts 
of our scientists and practical men in this direction^ 
that means are now in daily use by which the blast is 
delivered to the furnace at temperatures more than 
twice os high as that obtained by the most effective 
form of hot-blast oven on Mr. Neilson^s principle, os 
above explained. It is a very usual thing to be met 
with in practice that the air sent in is at a tempera- 
ture of 1300° to 1400° Fahr., and with a certain 
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system a temperature is obtained much higher than 
this. Ordinary readers will have a difficulty in con- 
ceiving of a temperature like this, which can of course 
only be measured by the special instrument termed 
the “ pyrometer,” the usual form of quicksilver ther- 
mometer being quite inapplicable. 

The forms of apparatus by which this exceedingly 
high temperature is given to the blast are varied, 
but they all depend upon the principle of the Siemens 
regenerative furnace. But in blast-furnace practice the 
apparatus employed to produce the hot blast are not 
always, and now but comparatively seldom, dependent 
upon the direct consumption of fuel in a special 
furnace which forms part of them. In nearly all cases 
of improved working, those blast heating furnaces are 
fed or supplied with gas — technically termed “fuel gas” 
— the employment of which gives the exceedingly high 
temperatures we have around us now being daily used 
in the iron trade. And a singularly curious exempli- 
fication of the adaptation of the principle of utilising 
the waste products of a process so as to form the money- 
saving products used in another is afforded by the 
history of this method of obtaining liigh temperatures 
not by the combustion of fuel in its ordinary solid 
form of coal or of coke, but in its gaseous condition. 
And this illustration is all the mora curious, inasmuch 
os the waste products of the blast furnace itself are 
used to supply it with a blast of the high temperature 
now employed in modern iron making ; so that while 
we have waste at one end of the process we have 
economy at the other. How this source of economical 
working is deiived from the waste working of the 
process of iron making opens up a curious chapter 
in its history. Interesting and practically suggestive 
as the details of this would be, we are through lack of 
space compelled to pass it over, regretting this all the 
more as the reader would have to hunt up a wide 
variety of works and wade wearily through their pages 
before he would have before him a consecutive series 
of the facts of the case. We pass on, therefore, with 
some reluctance to the more practical points connected 
with the 

Utiliiatioa of the Waite Oaiei of Blast Pimiaoei for 
Fnrnaoe and Boiler Heating.— Oaseoni Fuel. 

We now glance at some of the details of this 
system of utilising what otherwise would be, and 
formerly were, waste products. In looking at any 
illustration of a “ blast furnace,” and in glancing over 
what we have given in a preceding chapter in the 
present series of papa's, the reader may conclude that 
it was not a very difficult problem to solve to arrest, 
and, in arresting, to take down to a lower level the 
gases combustible and incombustible found in the 
blast furnace. But further considemtion will show 
that there were many difficulties in the way of an 
eai^ solution, like all work of the kind, the first 


work done was purely tentative; for the iron masters, 
anxious to utilise the gases, had ever 3 rthing to learn 
in connection with their use. The mere volume, 
enormous £ts this was, of the gases produced in the 
working of a blast furnace, and the high temperature 
at which they passed from the furnace, difficult as 
they were to deal with, could have been by many 
contrivances arrested and led to the lower level, — 
in one sense easily enough done. The appliances at 
first used in this connection were pretty numerous, 
but none were successful to the extent desiderated. 
The most obvious way was to cover in the top of the 
blast furnace, connect a pipe with the cover, and 
bending this pipe, lead it and its contained gases down 
to the geneml level where they were to be used. This 
is illustrated in diagram, fig. 4, Plate CLVI., and 
represents one of the early plans introduced ; in this 
a a is the upper part of the blast furnace, the throat 
hh oi which is gathered in with an arched cover c c. 
In the centre of this a circular hole was made, from 
which a pipe d d passed vertically up a short distance, 
and then was led by a curve downwards; side and 
circular flues, as at e and led other supplies also to 
the pipe d, which was called technically the “ down- 
comer.” But the greatest difficulty met with was to 
adjust the method of so far closing in the furnace top 
as to arrest and lead off the gases and yet to allow of 
the furnace being fed with the materials necessary 
for the process of reduction or smelting — the ore, the 
fuel, and the fluxes. For just in proportion as the 
closing in and thus easily arresting the gases was 
complete, so in proportion obviously was the difficulty 
of having an opening or openings through which the 
material of the “ charge ” to the interior of the furnace 
could be supplied. The two in one sense were entirely 
antagonistic. In diagram A, fig. 4, Plate CLVI., the 
openings b, in the arch or cover c c were left outside 
the pijK) d, which led off the gases to the “ down- 
comer ” d ; and through those openings, as shown by 
the arrows c b, c the materials were passed to the 
interior of the bbust furnace, the “ tipping ” or 
throwing in of the “charge” of the furnace materials 
being always done, as our readers will recollect, from 
the gallery surrounding the highest part of the 
furnace. Those side openings in c c were of neces- 
sity required, in the arrangement shown in diagram, 
fig. 4, Plate CLVI., to be always open, so that 
through them a large amount of the heated gases 
escaped to the atmosphere and was lost. But this 
at the first, when gases began to be utilised, was 
not deemed to be a disadvantage, as all that was 
attempted or indeed considered necessary to be done 
was Iparrest part only of the gases, allowing the great 
bulk to be lost- In diagram b, fig. 4, Plate CLVI., 
this partial method is further illustrated, the arrange- 
ment showing the principle of one of the early 
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plans. Here the central part of the upper end a of 
the furnace was left wholly open or dear in the 
ordinary way, to admit of its being charged easily, as 
shown by the arrow h ; but an annular flue d d ran 
round the furnace, which was gathered up at the 
point «, leading to the '‘down-comer” /. Here, 
while the great bulk of the gases escaped at the 
throat in the usual way, and was lost in the general 
atmosphere, such gases as did pass off by the flue 
d dy entering at c, were considered to be the kgitimate 
product of the system, and a gi’cater supply was not 
desired nor expected. Plan after plan was introduced 
and tried, and each trial showed all their weak points; 
but the difficulty of reconciling the two antagonistic 
claims remained : first the claim of the gases, which 
required a furnace top more or less coveied in or 
closed in, in proportion as a greater or less volume 
of gases was required and secured ; and secondly the 
claim of the " charge ” or materials required for 
the smelting or ore-reducing procass was still more 
and more felt. For in the working of the blast 
furnace, as in that of every other process, there was 
a right and a wrong method; and to secure the 
right method of supplying the charge — the fuel and 
flux — was found to be no easy matter. We Ixavo 
referred in a preceding chapter to the evils accruing 
from the tendency of the blast furnace to " scaffold ” 
— that is, to produce what may be called shelves or 
platforms, and doubtless the scaffold or projecting 
parts of refractory substances formed by the 
materials themselves of the charge gave the name 
to this characteristic. This scaffolding prevents the 
uniform gradual and easy descent of the charge or 
materials from the upper part of the fuinace, at 
which they are fed or supplied, down through the 
whole range of furnace interior till they reach the 
zone of reduction. This proper descent of the 
charge is what every iron worker aims at securing; 
and it is found that a great deal depends upon 
the way in which the materials are fed into the 
upper part of the furnace : if “ tipped in ” in any 
fashion — as, for example, w hore there is more material 
supplied to one side of the furnace than to the other, 
or if the form or " lines ” of the furnace itself tend 
to give unequal spreading of the charge — this scaffold- 
ing exists to a greater or less degree. By a " happy 
thought,” or by thinking and reasoning the matter 
out, or by experimental trial, it was discovered that in 
place of tipping or throwing in the charge, as at 6 in 
diagram b, fig. 4, Plate CLVI., leaving it to adjust itself 
in the furnace as best it could, if the charging mould 
of the furnace was formed with a central cone, ah o 
in diagram c, the charge sliding or led off its surface 
was distributed in a circular direction all round the 
furnace, tending towards the circumference but collect- 
ing in a heap in the centre, as when feeding, on the 


plan shown in the diagram b. The arrows show, in 
diagram c, how the charge is distributed circularly 
by the cone ah c. 

Utilisatioa of Waste Oases of the Blast Parnace (cantinved). 

Now, while it was found that this arrangement 
contributed greatly to the proper distribution of the 
charge in the furnace interior, as it was made from 
time to time, a perhaps still happier thought led to 
the discovery that the cone-shaped furnace feeding 
mouth lent itself most admirably and completely to the 
system by which a perfect “ swil ” could be made at 
the feeding mouth, and which enabled, if desired, the 
whole of the gases to be led to the “ down -comer.” 
The diagram c in fig. 4, Plate CLIV., will illustrate 
how this happy combination of a good feeding mouth 
and a close and complete seal for the arrest of the 
gases was secured. Let a a, fig. 3, Plate CLXXXIII., 
be the conical food corresponding to a b c, fig. 4, 
Plate OLVI., diagram c; but in place of being 
fixed, as thus shown, it is suspended by a chain, 
5, which passes over a pulley or pulleys, and by a 
simple mechanical airangcment of quadrant lever and 
counteibalance weight can be raised or low^ered as 
required. The cone a a, technically now called the 
" bell,” fits into the gallery or throat c c, cased with 
cast iron so as to form a ‘‘scat” for the ‘‘bell,” and 
which seat or casing is called the '' cone.” The diagram 
shows the bell in its seat, or the bell and coil in con- 
nection, in which position the “ charge ” or materials 
of the furnace are when tipped in from the gallery 
above, being kept at d, in the upper part of the cone. 
This completely fills up the usual mouth or throat of 
the furnace, so that none of the gases welling up 
from beneath can pass out at d d to the atmosphere 
and be thus lost. But below the base of the bell a a, 
openings, as e, e, lead the gases into an annular or 
ring flue, which takes into a flue, f, and from thence 
into the “ down-comer.” In practice there is a smaJl- 
diametered pipe connected with the flue, which is led 
vertically up and terminated with an open orifice — 
regulated in some Ci\ses by a flap valve. A portion of 
the gases pass up this small tube, and flashed into flame 
are lost in the general atmosphere. When the ob- 
server sees the flame at top of this small pipe he may 
take it os representing the volume of the gases which 
are not taken into the “down -comer,” or wlmt may be 
called the r&sidue of the general supply not required 
for use. When the furnace requires to be charged 
with the ore, flux, and fuel, the “ bell ” a a is lowered, 
and the charge lying in the space d d, above it, is 
shot into the furnace, sliding over the bell surface, 
this for a brief space making a more or leas complete 
opening for the gases coming up, as at arrows i, t, tc 
pass into the atmosphere. But the interval during 
which the cone is lowered is or may be made very 
brief; and the charge passing down itself partly 
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blocks up the passage for the gases escaping ; the base 
of the bell, a a, still further prevents the gases from 
passing out, and deflects them into the flues c, c. This 
“ hell and cone feed apparatus and gas arrester is now 
the most largely used. 

In employing the gases of the blast furnace as a 
means of heating the boilers and raising steam for the 
blowing engine, the arrangements and construction, 
so far as the furnaces and boilers are concerned, are 
precisely the same as when coal is the fuel used. The 
furnace fittings required for coal burning might no 
doubt be dispensed with, as they are in no way essential 
to the employment of gas fuel as a heating medium. 
But it is deemed advisable to retain them in every 
case, so that in the event of anything happening to the 

down-comer ” or to the gas appliances generally, thus 
stopping the supply of the gas fuel, the boilers can be 
kept working by burning coal in the usual way. So 
perfect are the arrangements now made for using gas 
fuel for steam-raising purposes, that the inconveni- 
ences and in some instances the dangers arising from 
the use of such highly explosive gases are now quite 
overcome ; and in well arranged systems of boilers, 
where the flues are very long, a complete body of 
brightly burning gas is maintained, even to the extent 
of sixty feet. 

Employment of the Chases to heat the Air for the Hot Blast. 

Having in last chapter explained the method by 
which a large supply of combustible gases is obtained 
from the blast furnace, and how they are used 
generally and on the largest and most efiec^tive scales 
for the raising of steam to work the blowing engine, 
wo have now to glance at the method of using those 
gases for heating the air from the hot blast itself. Tho 
most obvious way would be to adopt tho gas to the 
ordinary hot-blast oven, as already illustrated. But 
economical and effective to a certain degree as this 
might be, a much more effective and still more 
economical method is by using the gas in connection 
with special furnaces in which Siemens’ regenei-ators 
play an important part. 

There are various forms of furnaces for this purpose 
in w'hich the regenemtive principle is carried out. 
The two best known, if not tho most largely adopted, 
are the “ Whitwell,” invented by the late William 
Whitwell, of Stockton-on-Tees, and the ‘^Oowper,” 
invented by the well-known engineer of London of 
that name. There is in the different forms of regenera- 
tive hot-blast furnaces, or ** stoves ” as they are more 
generally called, what may be called a strong family 
likeness common to them all — the differences between 
each lying in how the chambers, flues and regulating 
valves are arranged, and in the constructive details of 
those diflerent parts. Externally they present tho 
appearance of columns or cylindrical shafts of which 


the height greatly exceeds the diameter, the whole of 
the heating arrangements being contained within the 
shaft or column. As giving the reader a good idea 
of the arrangements and construction of this, one 
of tho most important applications of the Siemens 
regenerative principle, wo have selected for illustra- 
tion a form in which there is a combination of 
the leading parts of the best-known stoves — and 
which is known as the Siemens-Cowper- Cochrane ” 
system. This has been introduced into American 
practice with marked success, and is fully described 
in a paper, profusely illustrated, by Mr. Hartmann, 
given in a recent number of the Transactions of the 
American Institute of Mining Engineers.” To this 
paper we are indebted for the materials of the 
following illustrations and descriptions. Fig. 6, 
Plate CL VI., is a part vertical section, and fig. 1, 
Plate CLXXXIII., a horizontal section or sectional 
plan : these show the general construction and 
arrangement of this form of regenerative stove. 

It consists essentially of an iron central air-tight 
chamber, coated internally with red brick and fire brick. 
This iron cylinder, a a, contains the flame-flue 6, near 
one side, as shown in fig.l, Plate CLXXXIII., and this 
flue or combustion-chamber is partially surrounded by 
a regenerator, c c. In the chamber h h the gas under- 
goes combustion, and as this goes on the products are 
distributed over the surface of the regenerator c c, in 
order that the heat they contain may be absorbed, 
When the gas passes out, after doing its heating duty, 
its temperature does not exceed that of 250® Fahr., 
supposing the air which goes to form the temperature 
of tho ** running blast” to be 1200" Fahr. The re- 
generator b h consists of brickwork perforated over 
the entire surface witli close-set openings four inches 
square ; as shown in plan in fig. 1, Plate CLXXXIII. 
The bricks are of small size — about three inches in 
thickness. Tho reason of tho small size of the bricks 
is evident enough when we remember that large 
bricks would not so readily absorb the heat, and that 
that which is absorbed becomes partially lost, because 
stored up in a form not readily available. A large 
surface is essential, moreover, to the economical work- 
ing of the stone, were it only for the reason that the 
defect of glazing would result with large bricks from 
too high a temperature, and so cause irregular absorp- 
tion and consequently irregular radiation. It must be 
remembered that any surface of brick which is in direct 
contact with burning gas becomes useless as regards 
its heat-absorbing power. This is explained in the 
glazing process which always happens when the gases 
are completely burned and in contact with the brick. 
Glazi^, however, of the walls of the flame flue or 
combustion chamber is an advantage, as it serves as a 
protection to the bricks. 
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THE FACTOKT OE HILL HAHD AS A 
TECHNICAL WOBKEE. 

The Orgakisation, General Duties, and Special 
Work of the Staff of Factories for the Produc- 
tion OF Spun and Woven Goods -that is, “Yarn” 
AND “Cloth”— AND those chiefly in Cotton and 
Wool— General Description of the Various Peo- 
CEBBEs OF Manufacture. 


CHAPTER XV. 

Throitle Spinning (^continued'). 

The reader, though unacquainted with the practical 
part, or working of cotton, will perceive the necessity 
of the changes in the machinery under the ciicum* 
stances specified at tlie conclusion of our last 
chapter. The throstle frame is in another respect 
different to the roving frame, inasmuch as it is pro- 
vided with a duplicate set of di’awing rollers, spindles, 
and flyers. Both sides of the frame are furnished 
alike in every respect, so it lias the appearance of 
a double frame producing twice the power of the 
roving frame. The creel containing the rovings being 
arranged in the middle of tlie frame, of course the 
frame is wider than a roving frame, bo as to pro- 
vide for longer bands to drive the spindles, and to 
give more room for the creel to contain the extra 
quantity of roving bobbins. It may be asked why 
such an arrangement is not adopted with the roving 
frame as that of a throstle frame ? We have seen and 
had frames of that kind where both sides were alike. 
In such cases the frames are made very short. It 
may be asked, again, why make them short ? 

In a throstle frame, when an end or thread is 
broken, it can be pieced, made good again, while the 
remaining part of the frame is working ; but with the 
roving-frame it is altogether different. Being driven 
by wheels, the frame must be Btopped whenever a 
roving is broken, so as to be able to make it good. A 
frame with a large number of spindles in it would 
of necessity be very unproductive by having so many 
spindles stopped during the time it requires to make 
good the broken roving. 

Frames may resemble each other in many respects, 
though in other respects they may dilTer widely. Where 
such discord presents itself, we think it is desirable 
to enter into an explanation, and as far as possible to 
remove any doubt or mystery which may exist in 
the minds of those who are not conversant with the 
machines which are being described, so that those whom 
we are referring to may see clearly the object of 
certain differences. This we have all throughout this 
paper aimed to accomplish, and we trust that we have 
been somewhat successful, generally speaking. 

The following description and illustration of the 
“ throstle ** will, after the practical remarks as to its 
working, be of service to the reader as giving him a 


further and clearer notion of its mechanical pecu- 
liarities. 

The ^'throstle,** which at its first introduction 
was called the ‘‘spinning jenny,” as before stated, 
originally consisted of two systems, the water-spinning 
frame and the mule jenny. The water-spinning frame, 
or the throstle frame, which has now taken its place 
(shown in cross-section in fig. 12), is very similar to 
the roving frame, consisting of stretchers and spindles 
with spools. The machine is double — i.e., it is pro- 
vided on both sides with stretchers and a row of 
spindles. As in the flyer, the roving a a goes through 
the stretcher B, upon the front two pairs of rollers 
of which a roller for cleaning, covered with plush or 
cloth, is placed, and passes on ta the spindle b. I'o 



work the stretcher, the spindles, and the carriage c, 
wheels are used, as shown by the dotted lines. The 
wheel D conveys tlie motion to the wheels 1, 2, 3, 
and 4, tliose marked 5, 6, 7, 8, 9, 10 work the 
spindles, and the screw wheel / and g, and the heart- 
shaped disc h, together with the two-.armed lever i k, 
cause the movement of the carriage c. The front 
rollers of the stretcher make 60 to 100 revolutions per 
minute, ahd tlie spindles 8500 to 5000. Tlie roving 
receives a fourfold to tenfold stretching. On account 
of the firm twisting, water twist is used for crochet, 
knitting and sowing cotton, in preference to other 
sorts. 

<*Mnl6” Bpixmiag. 

The other machine used for the spinning of cotton 
into yam is called the “ mule,” — why, it is not easy 
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now to say. There was at one period a machine 
which very much resembled the present mule, and 
which was in very general use for spinning purposes, 
and in some districts is still in use for wool spinning, 
but is now becoming almost obsolete: the jenny.** 
It is turned by hand, and is in many respects alto- 
gether unfit for the spinning of cotton or of any other 
material which is made into thread. The mule 
partakes of many parts which are in use in the 
throstle frame ; the creel and the drawing rollers 
of the mule, the twisting and the spindle, and the 
plan of driving the spindle. Now, seeing that it is 
neither “ throstle ** nor “ jenny,” it may in this way 
have received the name of “ mule,” being as it were 
a cross” between the two machines. Whatever 
gave rise to the name ‘‘ mule,” it is so long since it 
was thus baptised, and its odd name conferred upon 
it, that it may be di&cult to trace it to its precise 
origin. We are satisfied to have the name as at 
present understood. The mule is very different to 
the throstle in some of its operations, in others 
much the same. The produce of the mule is used for 
another kind of yarn : i.e.y the yam being different 
in its finish, it is applied in a general way to other 
purposes than the throstle yam. In manufacturing 
cotton cloth, **warp’* and ** weft** yarn are required. 
The warp being the longitudinal part of the piece, it 
requires much strength to bear the continual tension 
it is subjected to during the whole time of weaving 
the piece ; therefore the throstle yarn is well adapted 
for it. The yam used in manufacturing, called 
** weft,** is applied to the crossing of it to the right 
and to the left. 

This yarn is not subjected to any hardship, and it is 
well that such is the case, for if both the warp and weft 
were hard twisted, the cloth would feel like a board ; 
but the weft being slightly twisted, it gives to a piece 
a “ kindness ** which is acceptable to the wearer. The 
mule is especially calculated to produce such a yarn. 
Hence the value of the mule yarn. The mule, as far 
as it partakes of the form and use of the throstle, we 
will now sketch out. The creel, that which carries the 
rovings, is of the same form as that of a throstle, 
where double rovings are required; the drawing 
rollers being in form and arrangement like those of 
the throstle. The twist is principally put in during 
the time that the rollers are running in coarse yarns. 
The twist is received by the revolutions of the spindles ; 
the spindles running from seven thousand up to nine 
and ten thousand (too high a speed produces an unsound 
yarn — a little over nine thousand revolutions per 
minute we deem the best) revolutions per minute, 
and they are turned by hand and driven by a roller 
(cylinder) much less in diameter than the cylinder 
which is employed in the throstle — five to five and 
a half inches in diameter. The alterations of the 


counts and the system of changing the twists are 
in every respect similar to those of the throstle* 
The spindles, though driven in the same way, are 
different in shape, being much lighter and sUghtly 
tapered in the blade part, — that part which is above 
the bearing, and which the yarn is wound upon ; no 
flyer being required for the mule spindle, as in the 
throstle spindle. The yarn is wound on the spindle ; 
no bobbins or tubes being required for mules — i.e. for 
the yam to be wound upon. This gives an advantage 
to the productions of the mule. The cops are in such 
a condition that they can be packed in boxes or in 
skips, and are thus in a position to be conveyed to any 
part of the United Kingdom, or on to the Continent, 
or may be stored for a period of time till required. 
The winding»on of the yam on the spindle is 
performed altogether in a difierent way to that of the 
winding-on of the yarn on the throstle. That part 
which carries the spindles and that which drives the 
spindles are differently arranged. That part which 
carries the spindles is called the “carriage.** This 
“ carriage ** is obviously well named, being a vehicle 
to convey. This movable carriage is so arranged 
that the spindles are carried backwards and forwards 
— i.e. the carriage which carries the spindles moves 
from the drawing rollers a little faster than the 
rollers turn out the yarn, so as to keep the yam 
tight, or in tension. During the time the carriage 
is leaving the rollers (to the distance of about sixty- 
six inches), the spindles are running, and hence the 
yam is being twisted regularly as it leaves the 
drawing rollers. When the carriage has arrived at 
its extent, and the full amount of twist given to the 
yam, then the yarn which has been twisted is wound 
on to the spindles as the carriage returns to the 
drawing rollers. The spindles which are in the 
carriage are in a different position to those in a 
throstle. The position of the throstle spindles is 
vertical — must be as perpendicular as possible — but 
those in a mule must be in a slanting position, called 
in a spinning-mill term “bevel.** This position of 
the spindles is absolutely necessary for mule spinning. 
Were they running in a perpendicular position, the 
threads would, as the twisting process was being 
carried on, snap as though they had been cut. At 
every twist or turn of the spindle the thread slides 
over the end of it, and therefore the spindle being in 
a bevel position, it allows the thread to slide off it, — 
the spindle top being almost as high as the rollers 
from which the yam is delivered. The mule has 
from seven hundred to twelve hundred and ninety 
spindles in its frame; these are all drawn away by 
th^ carriage, and are returned again to the drawing 
rollers by the same carriage. 

Most mules now made ^ termed self-acting — 
t.s., they are worked by the steam engine, entirely 
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without the aid of any manual labour, so far as the 
moving parts of it are concerned. When the carriage 
is brought out to the full extent, and the requisite 
twist is added, the yarn which is wound round 
the bare part of the spindle is unwound by the 
spindles being reversed. As soon as that portion 
of yam is unwound, a wire which runs from end to 
end of the mule presses on the yarn, and tliis with 
all its complete arrangements is called a “ fuller.'^ 
Then the spindles are reversed again, and by this 
means the length of yarn is taken up. This fuller 
is operated by machinery which causes it to rise and 
fall, so as not to allow all the yarn to be wound on in 
one place, but so as to form what is termed a cop 
of a tapering form. When the cops have received a 
certain quantity of yam, or become a certain size, 
they are taken off the spindles. This process is 
termed in some districts “stripping,’' in other districts 
“ dotting.” 

The machinery in connection with the mules is 
very elaborate. Many movements are required to be 
performed in order to carry the process through, 
in comparison to those which are needful for 
the working of the throstle. The motions are 
numerous. The drawing rollers require a separate 
driving — the carriage motion (called the drawing- 
out motion), the putting-up motion of the carriage, 
the backing - off motion, and the winding - on 
motion, each requiring a bolt or wheel gearing to 
perform its particular work. It is remarkable with 
what accuracy each of the motions can be made to 
carry out their separate functions. Each motion, l>e 
it either by wheels or belts, must be punctual to 
its respective duties. We often speak about “tooth 
and pinion ” driving, and we mean by that, generally 
speaking, correctness, truth, certainty of opoi-ation. 
The first motion in most mjichines is turned by a belt, 
excepting that of the shafting, which has mostly been 
made by wheels. The present mode or system of 
driving from the steam engine, which is now com- 
monly adopted, is that of either “ belt ” or “ rope ” 
driving. Driving by wheels is very much super- 
seded by the above plan. Belt or rope driving is 
cleaner and much quieter, and may not in the end 
cause any difterence in the power. So long as belts or 
ropes are above the power they are intended to convey, 
accuracy of driving may be depended upon by them. 

Mule Spinning (continued'). 

In the mule, although the first and also some of 
the intermediate motions are received from belts, 
they nevertheless have to depend upon wheels “ tooth 
and pinion ” for the precise time for which they have 
to operate. Wheel gearing is thus called “ positive ” 
motion, giving precise resultsi which belts or bands 


and ropes cannot do, from their tendency to slip. 
So long as one toothed wheel is in gearing with 
another, and motion is given to it, it will drive the 
second with a definite unchanging speed. Wheels, 
levers, or catches, arc, so to say, the guiding reins for 
the belts, giving the signal to each belt, and by which 
the belt is removed from either fast or loose pulley. 
This will be, we hope, sufficient to inform even those 
who know but little about the actions of the various 
parts of the changes which have to be made with so 
much accuracy and precision that they may work with 
one another in perfect harmony. We say with perfect 
harmony, because nothing less will suffice. The fact 
of any motion, as above alluded to, being either a little 
too soon or a little too late, would cause confusion. 
As long as any movement has to depend on being 
driven or controlled by wheels (tooth and pinion) the 
same l esult must be continually the same. The larger 
the wheel (i.e, the more teeth there are in a wheel) 
the greater accuracy can be attained in the change of 
a wheel ; as one tooth in fifty, of course, gives but one- 
fiftieth, whereas a wheel of half the size gives double 
the amount, and therefore cannot come so near to that 
which is required. This system of calculation is an 
important one, and one which is kept in mind by the 
machinist, as well os by those who have the ^jharge 
of machinery. Wo liave dwelt upon this system of 
changing at some length, with a view of satisfying 
those who have not had the practical advantage of 
examining machines, and having such things pointed 
out to them, showing them the necessity of that 
accuracy being obtained necessaiy to insure freedom, 
regularity, and order in working. We believe nothing 
more is needed to be said, mid nothing romHins to be 
done, except actually seeing the machine, and having 
each motion of it fully explained, to realise how one 
action is dependent upon another, so that there 
may be an agreement in their actions. We would 
recommend all our readers to take the first opportunity 
which presents itself to thorn, to examirio the various 
machines which are treated of in this paper. In exa- 
mining them it would be best to read over and ovei 
again the description given ; and the reader should not 
be too anxious to inspect all the various machines 
named, but try to understand one at a time, 
remembering that a machine and its working cannot 
be understood by a single look, it being requisite to 
look and look again in order that the characteristics 
of its wdrking and movements may be somewhat riveted 
on the memory. This investigation and reinvestigation 
is necessary to all, excepting those wlio are in continual 
practice with similar kinds of machinery ; and in their 
case, if there be anything novel in a machine, there 
will not to them be more than the novel part to 
retain in their memory. 
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THE TECHNICAL POINTS CONNECTED WITH 
THE EMPLOYMENT OP POEM AND 
COLODR IN INDUSTRIAL DECORATION. 


CHAPTER Y. 

Colours which have been made to the painter as 
clearly existent as the evidence of his own life are 
denied by these uninitiated people referred to in our 
last chapter to have any existence at all. “ Whoever/* 
for example, ‘‘ saw a green cloud in the sky ? ** they ex- 
claim, Certainly they must never have seen what, if 
they only look intelligently and often enough, they will 
see — for sky lines will be seen by them as vividly green 
as the “ grass which clothes the field.*’ Others will be 
heard, in criticising a painting, to say ** Whoever saw 
a losy cloud like that over the surface of the sea 1 ’* 
Yet these, and an infinitely wider and in many instances 
to the popular mind more startling and incredible 
range of colours, tints and tones exist. And if the 
feeble attempts of the best of our artists to convey by 
their canvas what they have themselves seen, are by 
the great majority of people denounced as absurd 
and improbable fancies,** what would be said if their 
canvas displayed the colours as they naturally existed? 
In nature such colours are so intense, so brilliant, 
possess such a depth of tone, or what we may call 
life, that no colour was or will be, wo may with 
safety say, made by all man which would or could 
convey even the faintest conception of the actual 
glory of the colour. And if the colour were ready to 
the haTid of the artist, alas ! his brush would be far 
from ready to put them to his canvas in such a way 
as to yield even some faint and feeble imitation of 
the loveliness he looked upon. The more nearly the 
picture approached what he saw in nature, the more 
decided the popular verdict would bo, that he was 
just so much the better fitted to occupy a madhouse. 
** I am not mad, most noble Festus ! ** Alas ! that 
no artist can complete the paraphrase, and say, ‘‘I 
but paint the colours of truth as they exist.” For, as 
we have said, to no artist is given either the pigments 
or the power by which he could transfer to his canvas 
the marvellous brilliancy of scene, the depth of tint, 
the wonderful gradation of tone, which Nature not 
seldom displays to his delighted gaze. Need wo 
w^onder, then, that the public so generally and, alas ! 
so ungenerously, ignore the “ shadow ** or simulacrum 
which at best the best artist can but give, when they 
resolutely close their eyes to, and will not look for, and 
therefore by true seeing believe in, the ‘‘ substance ** 
which Nature so lavishly provides in the colours which 
deck the sky, sea, and earth ? 

Mad ! Let the pupil judge, after he has given a few 
wrecks to the close study of what Nature actually 
shows him — is ready at all times to show him, 


although, of course, she has times and periods when 
she is more beautiful than at other times — when she 
pours down and out and around such a perfect flood 
of lovely colours, of infinite varieties and depths of 
tone and tint, that the artist can do nothing but 
silently gaze and drink in from the sea of beauty a 
full and free draught — a thirst which once created is 
ever being satisfied, yet still is never quenched. The 
pupil has not far to seek for supplies of this. If the 
sea, that object wonderful in all its moods, alike in 
that of placid calm as in that of restless storm, be 
denied him — and what the loss to him artistically only 
those who know it well can best tell — if so also the 
glory and the gloom of high mountain or deep dell 
or glen— he will most likely have some green fields 
to look upon. But if even those be beyond his easy 
reach, at least in wide expanse or in great variety of 
surface, it will go hard indeed if he cannot command 
a small stretch of green, some few hundred yards of 
hedgerow or fence of garden or of field, of which to 
study what colour it displays. And if he fancies that 
this will be all too narrow a field for observation, 
let him take but a single yard of it, and, sitting down 
patiently to look for such eflects of light and shade 
upon such colour as the fence bottom, to say nothing 
of the stem and foliage of the quickset or thor which 
crowns it, looking right into the very soul, so to say, 
of it, with such power of concentrative observation as 
he may possess ; then, after some time given to this, 
let him honestly tell us what he thinks of this his field 
of study, which before he thought so narrow, so ‘‘ bald 
and bare of beauty.” To say nothing of form, is it really 
so bare and bald in colour ? Honest frankness will 
compel him to declare that if he could but warmly 
take to heart and wisely learn all the lessons which 
a foot or two of humble, rugged, despised roadside or 
garden fence or hedgerow taught him as to colour, 
he would bo wise indeed. Some of our best artists 
have not had in their early days even so much as 
this could afibrd them. In narrow court or confined 
alley they spent their early days, and no green field 
gladdened their eyes. But to give a familiar illus- 
tration, — which yet teaches a truth by no means, alas I 
familiar to many, — like the old woman who took what 
she could get or had, and never lacked, so such 
artists took their lessons from such poor objects as lay 
around them; and from shade of grimy corner, or 
from dirty pool glinting in such scanty sunlight as 
could force its way between the narrow loopholes of 
confined alleys, they drank in more of what colour is 
and colour can do than other artists, with all the 
wide variety which travel can afibrd, were able to do. 

Am if, to the artist-pupil determined to know 
what colour is as painted in the pigments of nature 
by Nature herself, be denied almost everything which 
constitutes ‘‘ fields ** of study for its observation, if be 
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has the true artist spirit in him it will go hard indeed, 
as we have seen, if he cannot find some field which, 
however narrow its compass, will yield him food for 
study, wide opportunities for practice. But even 
where circumstances of life are thus unfortunate, such 
are now the facilities for travel, alike in speed and in 
moderate cost, and such, under modern social life, the 
time now given even to the humblest of handicrafts- 
men, that now and then an opportunity will be given 
of gazing upon wide expanses of natural beauties. 
From an hour or two’s study of the seashore he may, 
under favourable circumstances, derive hints and 
obtain lessons in colour which may give him matter of 
thought and of work in his attempts to realise all he 
has seen ; and the mere memory of the beauties of 
which will be solace in many a trouble, a delight for 
long to think over, for a “ thing of beauty is a joy for 
ever.” And what beauty there is in sea and sky let 
those tell — for they alone know — who have watched 
them for hours and days, in storm, in calm, in sun- 
shine, and in gloom. 

Such a “ joy for ever ” is the memory of one evening, 
the last of a long term of Continental travel, which 
the writer of these lines had the privilege to enjoy, 
sitting by the margin of the sea. Ho was accom- 
panied by an artist — one himself an ardent lover of 
nature, as all true artists must be — and they were 
about to terminate a lengthened artistic tour amongst 
some of the loveliest scenery of the Continent. The 
whole tour might be said to be one long and ever-varied 
lesson in colour. They were favoured with the finest 
of artistic weather. The pupil will by this term 
understand, not that it was the finest weather in a 
popular sense — that is, witli cloudless skies — but one 
which gave those changes, that play of light and 
shade, that alternation of cloud and bright sunshine, 
and all those varieties of condition which best display 
what artists call atmospheric effects. And in con- 
nection with the scenery they strolled and studied 
amongst — scenery almost, if not quite unique in beauty 
— the effect of waather such as this, and so long con- 
tinued, was as charming in its sense of physical enjoy- 
ment as it abounded in lessons in colour and in hints 
and suggestions as to how to apply it in practice. 

The evening we have above alluded to was one of 
those quiet and placid times when the air is so balmy 
that one feels thankful to be out, and to be permitted 
to breathe the open air. The sun was not far from 
setting, the tide was well out, and the sea itself as 
calm almost and placid as a land-locked lake. 
There was, however, just such a suspicion of a breeze 
that the water surface was here and there rippled 
into what under the sunlight might be called a 
shimmering sheen. This word shimmering ” is, in 
fact, the only one which in our language conveys a 
precise notion of the effect produced. The terms 


glinting or glancing, or the French hrillant, may also 
convey the notion. A few boats of various sizes 
lay some at anchor, dotted hero and there, others 
oar or sail impelled and of the pleasure kind, rowed 
along from time to time, giving objects which yielded 
striking effects in rich colour and in light and shade. 
The sky was a truly artistic one ; here there were 
large masses of white-cliflf- shaped clouds of the class 
known as cumuli. Here the sky was cloudless — 
there light fleecy clouds known as the cirri lay float- 
ing in the azure deep. A few of those now obscuied, 
now opened up the sunlight. The effect of this on the 
water was indescribably fine. We use this term with 
a purpose, for our pen is not competent to give even 
a faint conception of the beauties we had unfolded to 
us as we sat and gazed. The pen even of Buskin, the 
greatest word-painter, as he is in spirit amongst the 
truest of our artists, would fail to describe adequately 
w hat those beauties were. At the best — and our best 
must be of the poorest — we can only try to tell what 
we saw. 

The tide, as we have said, was well out, so that 
the margin where the water, shallowing out on the 
flattish beach, came up to join with knife edge the 
ribbed sands, was at some considerable distance from 
us. The sun was exactly before us, and at no great 
height from the horizon. A change in the position 
of the light clouds partially — and only partially- 
obscuring the sunlight, opened suddenly up what 
may be called a lane of light, going right up to and 
widening — ever w idening — as it reached the horizon. 
If any of our readers have ever had the good fortune 
to look into one of the re-hcating furnaces used in 
our steel manufacture, or in working up steel into 
various objects, at the time when the steel masses 
have reached the molting point, or when them sur- 
faces are becoming fused, tliey will have, and w^e 
believe tliey are tliose only who can have, any idea 
of the lovely wdiitc or bluish white of the surface of 
tho ‘‘ lane of light ” we have just described as being 
opened up before us. Add to tlie effect of this colour 
that of the shimmering sheen of tho surface w^o have 
also alluded to, and the pupil wdll have some notion 
of what w^e had before us if we describe it as a sea 
of molten silver burnished to the brig] i test, witli an 
infinite variety of ripples in its surface, as if it were 
rising everywhere in boiling bubbles glistering in 
brilliancy. But this was not all, much as it w^as. 
Near to' where the lane of light was terminated at the 
horizon, this plain of molten silver seemed to rise up 
and form a kind of swelling hill or gentle acclivity. 
This was crowned with a band or strip of cloud, as we 
may call it, of the loveliest rosy light. The way in 
wliich this changed, as if it seemed to be swayed to 
and fro by gentlest breeze, and the varying tint or 
tone thus given to the mass, was singularly striking. 



U4 


THE WORKMAN AS A TEGHNIGAL STUDENT. 


THE WORKMAN AS A TECHNICAL STUDENT. 

How TO Study and What to Study. 

CHAPTER XIV. 

Common Branches of Education. — Their Close Practical 
Bearing on Study of Technical Subjects {oontinued). 

In continuation of this important subject, we have to 
remark that although a course of study which bears 
upon one particular branch of work involves of necessity 
branches which concern it alone, or concern it chiefly, 
there are other branches which are common to all 
varieties of work. We do not here refer very specially 
to those branches which are known as corninon, but 
which are the key to all others — we mean reading 
and writing. We have, ncveHheless, something to say 
on two of these more ordinary branches, specially on 
what constitutes the third of these branches, which 
have come, in consequence of a well-known bull or 
mistake of a public man, to be known as the * three 
R’s” — reading, (w)riting, and (a)rithmetic. 

Some Bemarkf on Beading. 

Before giving our brief remarks on the third of 
the “ three R’s,” arithmetic, it will not be out of 
place here to give a remark or two on the first of 
them, pointing out a principle which in reality closely 
concerns the method of laying out the study, no 
matter what the branch be. Many leave what may 
be called the primary class or school as having been, 
it is said, ‘‘ taught to read.” And read they can, 
and well, if reading comprises only a knowledge of 
letters and words, and a capacity either to pronounce 
audibly or to comprehend readily the collocation of 
those making up the sentences and the words of 
written or printed language. But reading means 
something more than a facility readily to comprehend 
what the letters mean as regards the mere forma- 
tion of words, so that the comprehension may be said 
to come intuitively, and us it w’ere at a mere glance. 
It means that this more mechanical facility, so to term 
it for lack of a better expression, carries with it also a 
capability of comprehending what the combination of 
letters, words, and sentences means, making up the 
arrangement or matter of the written or printed 
language. If reading means this (and surely if it 
does not it has no practical meaning or utility at all), 
wo fear that many have got into such a slipshod style, so 
to call it, of reading, that they can scarcely lay claim 
to the title of good, that is, intelligent, readers. The 
question, Under siandefit thou what thou readest 1 ” 
put long ago on the plains of Syria, might be put to 
many, and, if honestly answered, the reply would be in 
the negative. It might not, or indeed it generally is not, 
that readers have not natural capacity to understand if 
they will do so ; it is the carelessness to exercise the 
will ] they are generally content with the fact that 
they have read, if they conceive it a duty to read at 


all, — a duty which a vastly larger number do not 
fulfil than some might at first be disposed to admit. 
These last belong to the class of whom it might be 
said “ they never have a book in their hands.” 

Dangen of Desnltory, Carelesi Beading. 

But be this as it may, the fact nevertheless remains 
that many do read who, when the above point is con- 
sidered, practically are but little better off for anything 
they have learned from their reading than those who 
have not, nor seem to care whether they have or not, 
the reputation of being readers. In brief, to bo able 
to read, to use the only phrase permissible here, is one 
thing, to understand quite another. Even the most 
careful of readers, anxious in all honest dealing with 
the author to understand what he says, often find 
themselves so dreaming that, though their eye takes 
in the letters and*the collocation of words or sentences, 
the mind has gathered up none of the sense, so that they 
have to return to master the meaning of that which 
they have been in point of fact looking at only — that is, 
Beading Meohanioally, 

so to say. A very fair test, and an easy one, within 
the reach of all readers and in the most of writings, 
is involved in this. Suppose one is reading a part of 
a work in which the author is asserting a certain 
principle, and therefore illustrating his enunciation of 
it by various examples, and enforcing it by certain 
considerations. He begins a new paragraph by such 
an expression as this : “ JNTow, these considerations 
are of the utmost importance to be borne in mind ; 
for they forcibly illustrate the value of the principle we 
have endeavoured to explain.” At this point we can 
suppose the reader to halt and, so to aay, pull himself 
up with the questions. What are these considerations ? 
what is this principle the author here refers tol 
Will the reader be surprised if we say that if this test 
were so put by very many ordinary readers, we avow 
our belief that a large majority of them would — 
giving a thoroughly honest answer to these questions — 
have to admit that they could not give an off-hand 
vivd-voce account of what the considerations illustrating 
the principle are — were still less able to go so far back 
in the recollection of what they had read as to state what 
w as the principle itself 1 Even most careful readers, 
who are determined to understand what they road, do 
find themselves at times in such a position that such a 
test as we have indicated would fail to be satisfac- 
torily passed. And it must be confessed that reading 
such as this is not true reading, the very object of 
which is to understand what is being read. And the 
importance will surely be readily admitted of so 
cultivating a style or system of reading, that an 
intetfgent grasp will be obtained of the meaning of 
the author. It is not how much a man reads that is 
the gauge of his study, but how much he understands 
of what he does read. Better that a student should 
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only read one page a day, knowing what he has read, 
making it his very own which he can carry about 
with him wherever he goes, and draw to his help 
whenever he requires it, than read a volume, of 
which, after its perusal, all that he can truly say of 
its contents is that he has of them but the vaguest of 
notions ; of which, therefore, practically he only knows 
this — namely, that he knows nothing. 

It will help much to get rid of this purposeless 
kind of reading, which is but reading only in name, if 
the student, after reading a certain portion, sits down 
to put into his own language in writing what he 
thinks the author has said. Failing the writing, if he 
has nerve and honesty of determination of purpose 
enough, he may try to repeat vivd voce his impression 
of the au thorns meaning. If this is done the honest 
reader has every reason to congratulate himself on 
the fact that he is quick in apprehension, and has a 
retentive memory, if he is able always after reading a 
page or two to be able to say that he knows pretty 
fully what occupied these pages — facts as well as 
reasoning. How many honest readers, on the con- 
trary, will have to confess that in too many insiances 
they have almost completely fox’gotten the facts to 
which the author in one page alludes as having been 
stated by him in perhaps the very last page passed 
over. As we have already stated, reading with a 
result like this is but reading in name. And nominal 
reading, such as this, had almost better bo let alone, 
and not gone into at all. Almost the only value 
it possesses is a negative one — that is, that while 
one is engaged with it he is at least doing 
something which ma}^ ultimately tend to the love of 
reading, and of reading with thought ; and that it at 
the least prevents positive idleness, which, as a great 
writer says, “ is the very canker and rust of life.” 
Better, therefore, to be doing something which, if not 
useful, is at least harmless. But this is taking far too 
lenient a view of this habit of careless reading. If 
it possesses a negative value, it, on the other hand, 
carries with it a positive evil. It exercises, in truth, a 
pernicious influence on the mental faculties. It has 
been said in its favour that it may ultimately lead 
to a habit of careful reading — that is, reading with 
thought. All that we can stiy in favour of this view 
is that it *'may.” There is, however, in the great 
majoiity of instances, the much greater likelihood 
that the *'may” will be supplanted by the “will 
not.” Like all bad habits, the great probability, 
nay, the almost absolute certainty, is, that the 
longer it is practised, the stronger will its influence 
become, till at last it may be confirmed. And what 
the evils are of any confirmed bad habit, no matter 
what it be, we surely do not require to remind even 
the youngest and least experienced in life of our 
readers Let us urge, therefore, on the reader who 


may be fast getting into this habit of reading wdthout 
thought, to make an earnest efibrt to get rid of it. 
And he will find this task, difficult as it may at first 
be — and it is wise discipline to become acquainted with 
the fact that we have difficulties to encounter — that 
the longer he perseveres in overcoming the evils of 
this pernicious ^bit the easier the task will be. Each 
step in his advance in a truer and nobler — noblei 
because true — path will bring *with it a mental satis- 
faction which no amount of idle and easy gratification 
can ever give. 

Value of a Habit of Carefiil, Thoughtful Beading In General 
in Belation to Technical Subjects. 

Nor let it for a moment be supposed that this 
habit of careful, thoughtful reading is one the value 
of which is confined to this department of educa- 
tion only. We would desire to impress upon the 
minds of all students, with all the earnestness 
which a sense of the high importance of the subject 
gives us, this truth — that the good habit we are 
insisting upon has a direct and individual influence 
of the most valuable character upon all branches of 
study to which attention may bo directed. We have 
written to little purpose if we have not shown to the 
clear comprehension of even the most youthful of those 
who peruse these pages with some pnictical purpose 
in view, that “ reading ” is an art, and, like all other 
aiijs, deserves, and indeed demands, if the art is to be 
acquired, all the carefulness and precision of earnest- 
minded study. Lot it ever be remembered that 
reading is not the merely mechanical faculty to put 
letters together to form words, and words sentences, 
which, unfortunately, too many seem to think it is. 
It is, as we have shown, something vastly more than 
this. It is the key to all knowledge, the very base or 
foundation on which rests the method of acquiring 
knowledge of all kinds. And we do not require to 
toll the student what a worthless thing any structure 
is which is placed upon a bad or totally insecure 
foundation. How a careless, thoughtless reader is to 
become a careful, thoughtful student of any bmnch of 
knowledge he may attempt to study, and to which 
reading must be the key to unlock its treasures, we 
confess to having a difficulty to see. 

Primary Edaeatlon, ai Beading and Arithmetio, Teobnical 
In Character. 

The truth of what we have advanced will be seen 
at’ every step taken in acquiring a knowledge of 
those bmnehes of study which are purely technical. 
It is seen also in the study of that branch of education 
which, like reading, is unfortunately too much and 
too frequently considered to be only one of the 
ordinary branches of preliminary education, which 
may be carried on without that current attention 
which some attach only to what are oalle 1 the higher 
branches, such as those of technical studies. We refer 
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here V> the third of the “ three R’s/* namely, arithr 
metic : about which we have stated that we had 
somewhat to say. And how closely it affects the 
course of technical study to which the reader is assumed 
to be devoting his attention, will, we trust, be clearly 
seen. It is unfortunately the case, in what may be 
called the every-day life of teachers and taught, that 
very loose notions prevail but with too many of those 
concerned in its actual work, as to the value of the 
ordinary branches of education. The very phrase 
“ mere reading, writing, and casting up accounts,” so 
often used, indicates this feeling. The fact is over- 
looked that, rightly computed, they are the only basis 
upon which the acquirement of all knowledge rests. 
The talk is common enough of primary education, as it 
is called, and technical education, as if they were two 
quite distinct things, having nothing in common, and 
to be pursued by totally different methods. If 
primary education be not technical in the fullest sense 
of the term, we utterly fail to see what it is. If the 
art of reading, the science of aiithmetic — wo use the 
terms as they are commonly applied — bo not pursued 
in the same way as every branch of technical study 
should and must be, if knowledge of it be desired, — 
then we venture to say that what one does know of 
reading or of arithmetic is purely mechanical, so to 
say — what a parrot might in course of time bo taught 
just as well. A teacher so called, who, in teaching a 
boy to read, merely enables him to acquire a knowledge 
of how letters form words, and words sentences, with- 
out taking care to see that he , knows — absolutely 
knows — what the meaning is of the words and sentences 
he reads, has only taught his pupil to pronounce — 
possibly not even that in the sense of correct pronun- 
ciation. Harsh as this judgment may appear to be, 
it is simply literally true. Hundreds — w^o should not 
be far wrong if we said thousands — of boys leave school, 
who are said to have been taught reading ; the only 
thing they have really learned being the capacity to 
give vocal utterance to printed or written signs, 
signs which convey absolutely nothing to their minds 
so far as the intellect is concerned. If any reader 
doubts the truth of this statement, let him make 
honest and patient inquiry — and patience will 
assuredly be demanded of him — for himself into the 
matter, and he will endorse what we have said, and 
agree with us as to the full importance of all that our 
statement involves. 

Education Proper ii not what ii called popularly 
« Learning.*' 

We know those who had their school or, as it is 
now called, primary education — too often without a 
thought of what this term involves — conducted by 
men who ranked as “first-class teachers,” but who 
never once had pointed out to them what truly 
constituted the value, the vital point cf reading. 


They read and read, and, as the teacher very likely 
said, with accuracy ; understand what they did read 
they might, or might not. But so far as the teacher 
knew this he might as well have been absent. Hay, 
to not one of the pupils was even the faintest gleaming 
of the truth shown that the only object — and there is 
no other that is true — of reading, the only value 
existing in the capability to pronounce, either audibly 
or inaudibly, written or printed signs, is to convey to 
the mind of the reader what intellectual truths and 
facts the signs are intended to convey. 

Defective Primary Ednoation^Its Important Influence on 
Technical Study — Arithmetic. 

The same pernicious system but too often runs 
through all the branches of primary or school edu- 
cation. Rules of grammar are “ learned,” as the 
phrase is, but they are not “ taught,” if teactliing is to 
be interpreted truly. With unfailing accuracy page 
after page of “ rules ” and “ examples ” are set forth, 
but not the slightest conception rests in the pupirs 
mind as to what the true connection is between the 
rule and the examples; nay, he is not even told 
what the meaning of a “ rule ” (or law) is. Put the 
rule at the beginning of his book, and the oxamjdes 
at the end of it, and give thus a long interval between 
what is called the “ learning by heart ” of both, and 
he will be neither wiser nor worse than before ; for 
on the system on which he is said to be taught he has 
not the remotest intellectual conception of the true 
connection between the rule and the example. The 
same holds true of all the branches of school or 
primary education. And in none is the evil influence 
of the principle — if it bo worthy of the designation in 
its best and highest meaning — more observable than 
in arithmetic. Here no true knowledge of the science 
can be imputed unless the pupil knows the “ reason 
why” a certain operation is done. And let it be 
remembered that this science is not one which gives 
merely a capability to cast up accounts to know 
something of pounds, shillings, and pence. For the 
idea connected with this branch of education goes 
with a great number not any higher than this. Arith- 
metic is the basis of even the highest science the work 
of which is mental — namely, mathematics. Without 
the simple lules and operations based upon these 
rules the mathematician would seek in vain for a 
solution of the highest of his calculations. And how 
far in the course of ordinary or primary education the 
pupils are taught to know the reason why certain 
operations ore performed, or how the “examples” 
which tliey do with such accuracy depend upon, or 
have a real connection with, the “ rules,” let those 
say wjii^ know what ordinary school teaching is, and 
what the condition is of a very great number of pupils 
as they leave school, said to have a knowledge of 
arithmetic. 
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THE EABUEB AS A TECHNICAL WOBEHAH. 

His Tools, lAtPLEMENTS, Machines and Materials. 

— The Principles of his Work in its Various 

Departments. 

CHAPTER X. 

Even the slight acquaintance with soils we have 
above assumed will suffice to show that their mo- 
ohanical features, as they have been called — that is, 
their physical condition — vary very much : that while 
some are hard, dense, and close, others are more 
open, and what is termed porous. Taking this as 
a whole, we find in fact that they range from the 
densest clay to the lightest sand. All, however, liave 
this peculiarity ; that under the ordinary atmospheric 
influences of air, rain, and frost, the lumps or masses 
or nodules or particles of varying size, hardness and 
closeness, have a tendency to go closer together and to 
get levelled down and consolidated, or in common and 
what may indeed be called technical language, to 
‘‘settle down.” A very familiar illustration of this 
may be obtained in a common garden, or upon any 
small patch of ground open to the experimenter. For 
if a certain space be dug over deeply, and the soil 
well turned over, say in the autumnal part of the year, 
being left rough and uneven on the surface, and with 
lumps or masses of greater or less dimensions, — if 
allowed to lie thus exposed to atmospheric influences, 
as named above, and examined in the late spring of 
the following year, it will bo found that many of the 
lumps or masses have disappeared, the rough surface 
has got smoother or more uniform in level, and where 
the atmospheric influences have been active, the 
general level of the whole lower than before. If the 
experiment be continued, or rather extended over a 
longer period, say for several seasons, it will be 
observed that with each succeeding season the general 
surface becomes more level and uniform, and the raised- 
up condition caused by the lifting up and turning 
over of the soil gradually disappears and the general 
level becomes lower and lower. This subsidence of 
the general mass obviously causes the whole to be 
consolidated. For if on first digging the soil the 
part under the surface could have been examined, it 
would have been found that there were open spaces 
formed by the contiguity of lumps or masses of 
particles of unequal form. But after a while, with 
the alteration in the condition of the upper or visible 
surface such as we have described above, if the under 
surface could be examined those open spacjes would 
either be fewer in number or less in capacity or size, 
and in some cases quite done away with, the whole 
forming one solid or homogeneous condition. 

If this experiment were continued over a sufficiently 
wide variety of soils, it would be seen that with the 
different classes there would be a difference in this 
tendency to become levelled in surface, to subside and 


consolidate. Some would show this in a very short 
time, others would resist it much longer ; while some 
would display it so feebly as to have their visible 
condition very little altered, even after a long season 
and a maiked exertion of atmospheric influences. 
But this tendency of the particles of soil to subside 
and consolidate involves the opposite or converse — 
namely, the tendency to be divided or broken up. On 
first turning over the soil in our supposed experiment, 
the condition of the surface as to roughness or un- 
evenness would be found to vary with diflerent soils. 
And this roughness would obviously depend upon the 
size or bulk of the lumps, clods, masses or nodules of 
soil. In some soils these masses or lumps would be 
large, in others small. And if the experimenter were 
a man of observation, he would at once see that the 
size was dependent upon the physical quality of the 
soil; the denser and closer soils forming the largest 
lumps, the more porous or open the smallest — some 
being so loose and open that the lumps would be few 
and small, while in others they would not be present at 
all. Further, if at the time of this turning over the soil 
those lumps were struck by the spade, or attempted tc 
be crushed or broken up by the foot or hand, it would 
be found that while some would break up with the 
slightest blow or touch, so to say, others would resist 
stronger blows for a longer time ; while others would, 
in place of breaking up under tlio force of blows, only 
become all the closer and denser. But if this trial of 
breaking up of some of the clods or lumps were 
delayed till the spring following the autumn of 
experiment, it would be found that the breaking up 
of each individual mass or lump would be much easier 
done in the same quality of soil than was done the 
autumn before ; while some lumps would be found to 
have disappeared altogether — merging, so to say, into 
the general mass. Even those which were the most 
obdurate would be found to be more amenable to 
the breaking-up process. And if observation were 
made, this tendency to break up into separate particles 
would appear to be very much influenced by the 
season — a winter of hard frosts, with cold thaws 
attending, giving the most noticeable results; the 
expansion consequent upon the freezing of the par- 
ticles of water or moisture lying between the particles 
of the soil in the lumps causing their disruption or 
forcing asunder. The tendency of rains is to wash 
out and carry down the particles of soil from a 
higher to a lower level, and this also tends to con- 
solidate in proportion the general mass. 

Many of the facts we have here named may be 
illustrated and exemplified on a smaller scale by those 
fond of the cultivation of flowers in pots; for if 
observant they must have seen how the soil, at first light 
and loose and quite reaching up to the level of the 
rim or edge of the pot, gradually sinks lower and 
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lower and becomes harder and closer in the body 
of the pot ; while particles of soil washed out, so to 
say, will be found lying in the saucer if the pot be 
lifted up for examination. But if consolidation of 
the particles lessens the bulk of a mass of soil, stir- 
ring or moving and breaking of it up ncreases it, A 
very suggestive lesson can be learned in connection 
with this, from the practice of flower cultivation 
in pots. Take the soil out of the pot which has got 
in process of time so consolidated as to be considerably 
below the level of the edge or lip of the pot, and 
break it up by hand, so that it becomes loose and 
open, or, as the common phrase has it, pulverised. 
!^place the soil thus treated in the same pot : you 
will find, in fact, that you cannot actually replace it, 
for there is now more soil than is required to fill it — 
that is, if put in so as to fill or take its place natui*ally. 
To get all the pulverised, broken up soil into the same 
pot you must press it in and down. There is no 
more soil than before; you have only increased its 
bulk, not altered its weight or in any way that of its 
chemical constituents. And the excess of soil over 
and above that you can get in the pot if allowed to 
take its place naturally, is simply the measure of the 
degree to which you have opened up or loosened the 
particles. On first beginning to replace the soil in 
the pot a handful or two appears to fill it ; but you 
have only to shake the pot, when the mass is lowered 
in its surface, and more space is given to receive fresh 
soil. By the shaking you have lessened the spaces 
between the particles and in proportion consolidated 
the soil. The same result of opening or breaking up 
of the soil is observable on a larger scale if a trench 
or hole be dug in the ground, and the soil or “ earth ” 
be thrown aside as it is dug out : if you throw this 
loosely into the trench or hole you have made, so that 
it falls and deposits itself naturally, you will find that 
you cannot get in all the soil you dug out of it. 
There is a very considerable surplus, which may be 
taken as measuring the extent to which the soil has 
been opened up. 

Eeturning to the experiment with the flower-pot, a 
very important lesson in connection with soil may be 
learned from it. If the flower or plant which has 
been growing in the pot be taken out along with 
the soil, and the latter be carefully broken up so 
that the roots are gently exposed without much 
disturbance, it will be interesting to trace how they 
have penetrated into and through and amongst the 
particles of soil. On examination it will be seen that 
the natural tendency of the roots is to grow or 
extend downwards or vertically, while the rootlets 
(the distinction between these two terms will be noted 
in a succeeding chapter) will have a tendency to 
shoot out and spread themselves laterally. If the 
flower-pot be small, and the plant permitted to grow 


a long time in it, the rootlets wiU have so multiplied 
and extended themselves that the mass of soil seems 
quite filled with them, and they extend even to the 
outer surface and have formed a kind of network 
between it and the flower-pot. So numerous are 
they that they bind the soil together, making it so 
solid a mass that the flower, soil and roots can be 
lifted bodily up and the whole taken up without 
disturbing it or the flower. A plant in this condition 
becomes stunted in its growth, simply because there 
is not room enough in the pot for its root develop- 
ment, nor soil enough to nourish them. And in order 
to enable the plant to grow and increase in vitality 
it has to bo ro-pottod or moved into a larger pot filled 
with fresher soil. If all this work be done with in- 
telligent observation, it will be seen that the harder 
and more dense the soil, the more difliculty the roots 
will have to penetrate it, and the fine delicate root- 
lets to spread themselves according to the manner 
of their natural growth or development. For just as 
we find that each kind of fruit or forest tree and each 
shrub follows, as it were, its own law of branch 
ramification, so each plant has its own law of root 
development. What this is in relation to the prin- 
cipal farm crops we shall see as we proceed. 

Wo have thus gone somewhat minutely into what 
may be called the phenomena of soil and plant root 
relation, as it is of essential importance that the 
reader should from the outset have an intelligent 
understanding of them. For on those points rests 
the whole practice of preparation qf the soil for the 
reception of crops and of the after cultivation of them. 

Practical Points connected with Soils. 

The soil is the most important factor in all the 
calculations to be made in connection with crops and 
cropping — that is, the cultivation and after treatment 
— and it is to a due understanding of what soils are 
and the direct relation they bear to the crops and to 
the manures which are added to it, that we look for the 
advanced progress above alluded to. But under the 
general heads of Soils and Manures there fall to be 
considered a number of subjects, each of which has a 
special function or duty to perform, but yet the whole 
have a clear and distinct relation to each other and to 
the soil, — so much so that unless they be taken into 
account, we are sure to draw erroneous conclusions 
as to what the effect produced in any particular kind 
or form of soil pieparation or culture. There is 
again a close relationship existing between the 
condition of the soil and the crops which are grown 
upon it, and also in the way in which different 
crops, which are what may be called the movable 
or dUngeable factors, are made to occupy the soil, 
which is the fixed or peraianent factor in all our 
calculations as to cropping. Further, there is a 
distinct relationship between the soil on the one hand 
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and the crops on the other, and the manures which are 
Bupplied to the soil in order to increase the products 
of the crops. Taking, then, the soil as a centre, we have 
clustering and revolving, so to say, around it, other 
factors, all of which have to be considered as separate 
agencies, although, as we have said, they all act in 
conjunction or in unison, tending to bring about 
the ultimate result in the crops obtained from the 
soil. 

And here is the fitting place to point out to the 
reader the importance of the consideration to which 
in a previous chapter we have alluded, in relation to 
the subjects now about to be discussed in connection 
with the soil. For although we sliall find that in 
the theories more or loss widely accepted in con- 
nection with the soil there is a certain amount of 
definite precision, still in practice there is a variety 
of circumstances which go to modify very materially 
the indications of theory. Those circumstances wo 
have already dwelt somewhat fully upon, so that all 
that is here necessary is merely to name them, those 
being the peculiarities of the locality and climate, 
and perhaps still more markedly of the soil itself, 
in which there may be and as a rule generally are 
present substances which act more or loss powerfully, 
and in a way which, wldle we may reasonably guess 
it, is in reality in all its circumstances unknown to us. 
In every calculation wo must have all the factors before 
we can arrive at the final result or product. But 
having the factors, we can predicate with absolute 
certainty that we shall obtain a result which may be 
relied upon. Now, in all agricultural processes 
connected with cropping we have not this certainty, 
simply because we do not possess all the factors. 
And, considering the mass of soil with which we have 
to deal, and the practical impossibility of knowing 
what is present in it, and what moreover ai’o the 
combinations taking place within it, of which the 
circumstances are and must be unknown to us, and 
further, knowing so little comparatively of the real 
life of plants, and of many points connected with 
their assimilation of fertilising constituents, and how 
the soil acts and reacts upon them, the reader will 
now perceive how it is that there is such a diversity 
of practice in farming, and further, how the diversity 
in results is made, or is likely to be made, all the 
more marked and puzzling from the influences of 
locality and specially of climate, the latter being an 
influence over which we have no control, powerful as 
that influence is. 

In becoming thus acquainted for the first time 
with the theories or the science of farming in 
relation to the soil and its kindred or connected 
subjects, and with which we have presently to deal, 
the reader must carefully guard against receiving 
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the impression that the theories can bo applied to 
or are capable of giving definite results in practice 
which can be relied upon as invariable. Science has 
done much for farming, and it is daily proving that 
it will do more ; but like all true science, which never 
assumes, but deals with only facts, it does not claim 
for itself the position of an unerring guide, saying to 
the practical man. Do this, and certain results will 
follow with absolute precision. On the contrary, 
agricultural science tells the practical man that it 
can only indicate the leading points, and faithfully 
warns him that while it claims to do much for him, 
it cannot do all. But this comparative degree of 
scientific knowledge has been of immense advantage 
to the farmer, and will yet be more so, the more it is 
applied. It possesses this groat value — that, while it 
cannot always toll the farmer what to do, or rather 
what will be the probable results of his doing, it tells 
him in no uncertain language what not to do. 
And the lesson of what to avoid is frequently as 
valuable as the lesson of what to aim at. The 
reader will now bo prepared to see the reason why 
there is such a diversity in the practice of the 
farmer, and why also there are coming up continu- 
ally points which cause also a diversity in scientific 
opinion, — for farming is in no way free from the 
peculiarity which characterises other branches of 
industrial woik, in thiit the conclusions of some men 
of science are keenly disputed as to their value and 
accuracy by others. 

Clasiifloation of Boils. 

Soils are roughly divided into three classes — the 
heavy, the medium, and the light; and these again 
are known generally as clay, loamy and sandy, or 
chalky soils. In each division there are sub-classes 
or varieties, forming a scale as it were of diflTerent 
gradations. But there is one peculiarity connected 
with soils which must not bo overlooked by the 
reader. While there are some districts and locali- 
ties marked for the pioponderanco of a certain class 
of soil, as for example, the well-known London clay 
lands, or the light sandy soils of a district on the 
coast of Lancashire, .it must not be supposed that 
each class of soil is marked oflf from another class by 
certain well defined and easily recognised lines. That 
the contrary is frequently the case, those of our 
readers who are acquainted with geology know well 
enough. . And just as we find that in each class of 
soil, such as heavy or clay, or light or sandy soil, 
as the case may be, there are diflei^ent degrees of 
heaviness or lightness in the same soil or mass of 
soil, so do we find that there is in some instances a 
toning down, say of a heavy soil, so gradually done 
that it is difficult to say where the line is which 
separates a light from a heavy soil, or vice verad, 
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THE OEOMETBICAL DBAVGHTSMAN. 

His Wobk in the Construction of the FiauRES 
AND Problems op Plane Geometry, Useful in 
Technical Work. 

CHAPTER XVII. 

In the last paragraph of preceding chapter (p. 48) we 
named the different classes of curves. Of the last named 
but one of these, the epicycloid, there are two classes 
— first the ** external” and secondly the ‘^internal.” 
To the problems or constructions connected with the 
curvilineal figure, strictly so called — tlio ‘^ellipse,” 
and to the curves or curved lines the ** parabola ” and 
the hyperbola,” and those other curves named, and 
which are frequently classed as being amongst the 
higher curves,” the cycloid,” epicycloid,” and the 
** involute,” we now direct the attention of the reader. 
All those figures (to use the term so frequently applied 
to geometrical constructions) are in their practical 
application to the constructive arts of the greatest 
service to the engineer, the architect, and all the 
trades engaged in what are called the constructive 
and building arts, as the machinist, the carpenter, 
the builder, etc., etc. Those more direct and 
practical applications of the curv^cs we have named 
will form part of the series of papers given in this 
work under the title of The Building and Machine 
Draughtsman.” What we have now to concern our- 
selves with are the general problems connected with 
them, which fall more legitimately within the limits 
of the present series of chapters. The first of 
the curvilineal figures or curves we take up is the 
ellipse : this may be popularly defined as a species of 
flattened circle ; it may thus vary in form from the 
full circle to its complete flattening, which then 
becomes a straight line. This popular definition may 
be illustrated by supposing the draughtsman to take 
a globe or sphere, which, looked at in elevation (for 
this term see the paper ** The Building and Machine 
Draughtsman ”), appears to be a circle. This globe or 
sphere we suppose to be made of a soft material, possessed 
of a certain degree of elasticity and consistency. This 
being placed upon a flat surface, may be considered 
as being pressed upon by the palm of the hand. The 
pressure causes the globe or sphere to change its 
shape — being depressed in the centre and widening 
out to the right and left. Its length is now greater 
than its height, and the new shape when looked at 
in elevation is what is called an ellipse, or popularly 
an oval. By continuing the flattening or pressing 
process one may conceive of the globe being so pressed 
down that it becomes merely a flat circle as looked 
down upon in plan, but assumes in elevation the 
appearance of a line. In a circle we may say that 
the length is equal to the width, for two diameters 
int#^rs 0 cting perpendicularly are equal. In considering 


these two diameters as axes, we see that in the ellipse 
the axes are of different extent, the greater measuring 
the length, the shorter the width. The ellipse, then, 
will bo more elongated in proportion as the distance 
between the axes is greater, and the less the two axes 
differ the nearer will it approach the form of a circle. 
The point of intersection of the two axes is called the 
centre of the ollipso ; and the axes of the ellipse are 
the longest and the shortest straight lines that we can 
draw in its interior through the centre. The “ ellipse ” 
(or oval,” as it is popularly, but as we shall presently 
see, ori’oneously called) is a continuous curve, which, 
although circular in appearance, as in fig. 96, has no 
portion of it that of a true circle. lake the circle, 
however, it is a continuous line running into itself, 
and thus inclosing a space ; so that, as wo have said, it 
is entitled to be classed as a figure — meaning by this 
a form which incloses or forms a surface or superficies. 
This continuous curved lino is generated by a line 
having relation to two points called ‘^foci,” as c, 
each one being singly termed a “ focus.” The shortest 
diameter, as the line e /, continued till it touches the 



curve, is called the “ conjugate diameter ” or “ minor 
axis,” this being situated midway between the two 
foci, c and d, and at right angles to a line, as a 6, 
which passes through both foci and is terminated by 
the curves at each end, as at a h. 

The longest line, a d, is called the “transverse 
diameter ” or “ major axis.” All lines which ore 
bisected by a diameter, or axis, as the line 1 2, fig. 2, 
Plate CCXVIII., by the diameter a b, are called 
“ordinates” to that diameter; the part, tis 1 a 2, 
where the ordinate, as 1 2, touches^ the curve m dn 
of the ellipse, is called the “ vertex ” of the ordinate. 
When an ordinate, as 1 2, cuts the transverse dia- 
meter a b into two parts, as in the point 3, the parts, 
as a 3, 3 5, are called abscissa. The point h, where 
the shortest or “ conjugate ” diameter c d intersects 
the longest or “ transverse ” diameter a 6, is called 
the ‘jpentre ” of the ellipse. The draughtsman, how- 
ever, should not associate this in any way with the 
centre of a circle, the curve of which is generated 
round a fixed point called the “ centre,” and is equi- 



THE GEOMETRICAL DRAUGHTSMAN. 


151 


distant at all points from that point. In the ellipse 
the curve is continiiaUy changing its direction, and 
there is no one point or centre within the curve of an 
ellipse from which any two points in that curve are 
equidistant. The true method, then, of finding the 
outline of an ellipse is to find a number of points in 
the true lino of the curve, through which points 
a curved line is drawn, which gives the outline of the 
curve. 

Tliere are also methods of mechanically describing 
the curve of a true ellipse by means of an instrument 
called the elliptogiaph, of which there are various 
kinds, and on the largo scale by means of a cord and 
pins or stakes. Solid bodies possessing in their 
outline the true curve of an ellipse can also be 
made by cutting certain solids in certain directions ; 
as, for example, the cone (bonce the term conic sec- 
tions^ — a useful but difficult branch of geometry, to 
which reference will be practically made in the papers 
entitled The Building and Machine Draughtsman 

Although an ellipse, considered as a figure inclosing 
a space, has, as we have said above, no part of its curve 
forming that of a true circle, still there are several 
methods by which, with the junction of arcs of circles, 
outlines may be obtained which wpproximaU so 
closely to the curve of a true ellipse, that for many 
practical purposes they are sufficiently correct. The 
best of these methods wo shall give as we proceed. 
As wo have already stated, the true curve of an 
ellipse is that of a surface produced by sections oj* 
cuttings of the two solids, the cylinder and the cone, 
by lines which are oblique to their bases. Thus, if a 
cylinder is cut by a line parallel to its base, the 
section will have the outline of a true circle, the 
diameter of which will be equal to that of the cylin- 
der. And as the cylinder has parallel sides, all 
sections at any number of points in its height, and 
all taken by lines parallel to its base, will be circles 
of the same diameter. But if the cutting line of tlio 
section be oblique to the base of the cylinder, then 
the surfaces produced will have curved outlines which 
will be ellipses, the length of the transverse or longest 
diameter being equal to the length of the cutting 
oblique line, of the shortest equal to the breadth of 
the cylinder at the widest part of the cylinder section. 
In the cone all sections taken through lines parallel 
to the base will be circles \ but as the sides of the 
cone are sloping, and are continually changing their 
distance from the central line, no two circles can be 
obtained of the same diameter, as in the case of the 
cylinder. But if the cutting line of section be oblique 
to the base, the surface produced will have a curved 
outline, which will be that of a true ellipse. The 
application of the principle — here generally described 
—of the section of solids in relation to the ellipse to 
many of the practical constructions of the architect 


and engineer, will bo found described and illustrated 
in the series of papers in this work given under the 
title of The Building and Machine Draughtsman.’ 

What we may call the conventional or ordinary 
method of producing the curve of an ellipse is by 
using arcs of circles, the centres of which are found 
in different ways more or less complicated. The 
curves thus obtained, from what we have said above, 
will bo seen to give curved lines merely approximate 
to the true curve ; still, for many purposes, they will 
be found sufficiently correct ; we therefore here pro- 
ceed to give a few of the methods based upon this 
sy.stem. 

To describe an Ellipse or Oval by means of Arcs of Circles. 

Having drawn, as in fig. 96, a straight lino, a />, 
forming the transverse diameter or major axis of 
the ellipse, divide it into three equal parts, a c, c d, 
dh; from tho points c and d as centre, and with 
the radius a c, describe two circles which will inter- 
sect at e and / ; from those two last points as centres, 
and with a radius equal to / describe the two arcs 
m I and A k, wliich, in uniting with the arcs ham and 
Ihh, will form tho ellipse required. 

To describe by means of arcs of circles an elliptical 
curve further removed from tho outline of a circle 
than tho curve described in last paragraph. Describe, 
in the first place, two equal circles, fig. 7, Plato CCXV,, 
and join their centres, a and 6, by a straight line 
which forms the major axis or transverse diameter of 
the ellipse. From tho points a and 6, and with the 
distance a b, determine the points of intersection 
d and e ; from these points as centres, and with a 
radius c c, terminate tho ellipse by drawing the arcs 
i f and <j Ji^ joining the arcs described from parts 
a and h. The line ij is called tho minor axis or con- 
jugate diameter,” and the points a and b tho foci ol 
the ellipse. It is not necessary to make the two circles 
touch each other, as in this figure ; we can msvke the 
ellipse more elongated fin proportion as tho centres 
a and h of the two circles are farther apart from 
one another, and vice versd. 

In fig. 1, Plate COX VIII, wo illusti'ate another 
method of describing an elliptical curve by means 
of arcs of circles, in which the lengths of the two 
diameters arc given ; in the last two problems or con- 
structions tlie two diameters have not been given or 
determined, only tho transverse diameters or minor 
axes, asj fig. 7, Plato COXV. In fig. 2, Plate 
COX VIII., the two are determined, tho conjugate 
c as well as the transverse a b, the conjugate being 
larger than half of the transverse. Let a 5 be the 
given transverse diameter, or “ major aids,” c d the 
conjugate, or “ minor axis.” Take c d in the com- 
passes, and set it off from the point a to e ; divide e b 
into three equal parts in the points f and g, Witli 
tho distance of two of these, as e from the point 4, 



152 


THE GEOMETRICAL mAJJGHTSMAN. 


where the two diameters intersect, set off to the 
points i and From i and j as centres, with i j 
as radius, describe arcs cutting in the points h and L 
Tlirongh the points k, j, and draw lines cutting circles 
described from points i and j as centres, with radii 
i a, j bf in the points m and n. From the points I and 
k as centres, with In, km as radii, desenbe arcs m o, 

J) n. 

To describe an Oval or Ellipse within a T^ectangle by 
Arcs of Circles. 

It may sometimes be required to describe 
an elliptically shaped curved line, or what we 
popularly call an oval, round a circumscribing 
rectangle, ns a h c d, fig. 4, Plate CCXVIII., 
the length of which will be twice that of the 
breadth, or, in other words, round two squares. 

In this case describe the squares a hf 6, ef c d, 
then draw the diagonals, as g and h, as centro.s, 
and distances as ci as radii, describe arcs of 
circles as i and J. 

In fig. 97 we give 
another method of 
finding the centres 
of arcs which will 
give a curved line - 
approximating to 
that of tlio true 
ellipse. In this let 
a ft be the conjugate 
and c d the transverse 
diameters, intersect- 
ing in the point e) 

continue ea, eft, on both sides of cd indefinitely. 
Assume any two points, as/ and g, as the foci of 
the ellipse, making e g equal to c /, and equi- 
distant on both sides of the centre e. Take the 
distance c /, and set it off to tlie point i from a 
on the line a e, and join g i by a straight line. 

From g and i as centres bisect the lino g i by 
arcs cutting in the points j and k, and through 
those points dmw a line k I, cutting a e produced 
in Z : I, g, and / are three of the centres. 

The problems connected with the methods 
of finding curves approximating to the true 
curve of the ellipse by means of arcs, which 
are useful in the ordinary practice of the 
draughtsman, are not yet exhausted. Wo 
another method in fig. 7, Plate CCXVIII. 

Let ah, c dy bo the distance of the two diameters 
intersecting at c, to find the curve. From point c as 
a centre, with c cf as a radius, describe an arc d hf. 
From c describe also an arc, as a g, with radius c a. 
With the set-square of 45° bisect the arc d f in the 
point h, and from c draw through this point the 
line c h, cutting the arc « y in the point t. From h, 
parallel to a ft, draw a line hjy cutting one dropped 
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from the point t, the two cutting in/ Produce doe 
indefinitely, join dj, bisect it by arcs described from 
d and J, cutting in the points g and k. Through g 
and k draw a line bisecting d j, and produce it till it 
cuts the line dee, produced in the point I, The point 
j is in the curve required. The upper part of the curve 
is described from the centre I, with radius I d. Con- 
tinue this till it cuts a line drawn parallel to a ft, from 
I in the point m. From this point m draw a lino 
through a till it cuts the curved line described 
from centre I in tlie point n. From this point n 
draw a line to point I : this will cut the trans- 
I verse diameter a ft in the point o. This point 
is the centre of the arc forming the end curve 
of tbe ellipse, this arc passing through a and 
joining the upper ciu*ve. The lower curve 
centre is obtained l>y making c q equal to c I, 
tho right-hand centre by making c p equal 
to c 0 . 

Of the Oardeners’Ellipse. 

An ellipse on the 
largo scale may be 
described by means 
of a cord and pins 
or stakes; the curve 
thus obtained is 
usually called ^Hhe 
gardener’s ellipse or 
oval,” inasmuch as 
these workmen fre- 
quently make use of 
the appliances we 
have named, and by tho method we are about 
to explain, to draw out in flower gardens this 
graceful curve. This curve gives the true ellipse, 
— one whoso form is the most regular, and 
consequently the most beautiful. The curves 
obtained by the arcs of circles already described 
are merely approximations to the true ellipse, 
no part of the curve of which is part of a 
circle. In forming the ** gardeners’ ellipse” 
draw first tho two axes a ft and c d, fig. 3, 
Plate CCXVIII., intersecting each other per- 
pendicularly through the middle at the point 
e ; from the point d, extremity of the small 
axis, as centre, and with a radius equal to the 
half of the large axis, describe an arc which will 
cut this large axis at the points f and g ; those two 
points will bo what are called in an ellipse the foci. 
Take a cord or string of twice the length a g, and 
fasten it at two fixed points on the points /, g, 
which ^e the foci, so as to form with the point 
of the^n or stake h a triangle /y A. Tlie pin is 
embraced by the fold h of the cord, and care should be 
taken that the latter is equally stretched during tho 
whole operation. 
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CIIAFrER XXIV. 

The Archimedian spiral is illustrated in fig. 44. 
Draw any number of linos, making equal angles with 
each otlier, and all intersecting in a common point, 
as i. Suppose there are to be five turns in the spiral, 
divide half the height of the spiral, as i c, into five 
equal parts, and divide each part, as c Z; shown in largo 
s'rile in diagram A, itito the same number of equal parts 
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off to the point m, the second part to w, and so on, thus 
finding a certain number of points through which the 
curve is drawn by hand, or by the use of curved 
sets.” The more numerous the lines, as e/, a, h 
etc., the better, for a greater number of points will 
be obtained ; and the more correctly will the curve of 
the spiml be obtained. 

To describe tbe Spiral Scroll on a Handrail of a Staircase. 

To describe the spiral scroll ” suitable for the 
termination of thehandrail of a staircase, as in fig. 46, 
draw the line a h c, and sot off a h, the width of the 
rail, from a to 6 and c. Divide a h into four equal parts. 
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as there are equal angles formed by the lines ef, a h, 
h g, d c, — in the example eight. Then, from the point 
t as a centre, with mdius ^ 1 (as tlie first part in c Ar, 
diagram a), set off the distance to the first line e f, 
cutting it in the point e. Next, from i with i 2 (second 
part in c k)j set off the distance, cutting a h in a\ Next, 
from i 3, as before with i 3 (third part in c A:), sot off 
the distance, cutting the line kg in A. In like manner 
set off the distances i 4 (fourth part in c A), i 5, i 6, i 7, 
to the lines’ cf and r, f/, i 6, ig, cutting them in the 
points d\/y U and g, k is the next point in the spiral ; 
the next division, A A, is then divided into eight equal 
parts, and from t as a centre, the first of these is set 


the same as the number of revolutions in the scroll. 
Take lialf of one of these parts, and set i t off f j om 
the point c to points 1 and 4, and make 4 3 equal to 
4 1 ; the points 1, 2, 3, and 4 are tlie centres of the 
quadranta. From point 1, with radius 1 a, cut a 
lino i dy drawn at right angles to a c in the point (/, 
by describing the arc a d. From point 2 draw parallel 
to a c a line 2 e j and from 2 os centre, with 2 cf as 
radius, describe the arc d, e, and so on. Sci^olls may 
be drawn by dividing the proposed distance between 
each revolution into as many parts as there are revo- 
lutions in the scroll ; and at the centime constructing 
a polygon with ds many sides as there are divisions 



154 


THE BUILDING AND THE MACHINE DBA UGHTSMAN, 


or parts, each side being equal to one of the parts, the eye in hg. 48 being too small to admit of the 

Fig. 46 shows the enlarged centre of a scroll in various numbers being given in the drawing). From 

which there are six curves shown with the curves the centre 1, fig. 48, draw a line 1 / at right angles 

described in fig. 47. The distance between two points to a c ; and from 1 as a centre, with radius 1 a, de- 

— which give the width — as a h in fig. 47, being scribe the arc a /, cutting 1 f \ from 2, parallel to a c, 

divided into six equal parts, h 1 being equal to a 6, draw 2 gr, and from the point 2 as centre, with dis- 

from 1 a hexagon Ls described, giving the points 1, 2, tance 2 /, describe the arc f g, cutting 2 g in g. 

4, 5, and 6 as the centres of the arcs, the arcs Parallel to 2 /, from the point 3, dmw a line 3 h, and 

being terminated at points on the lines found by pro- from 3 as centre, with radius 3 g, describe the arc 

ducing the sides of the hexagon, as 1 6 to fig. 47, 2 3 g h. From the point 4 as centre, with radius 4 A, 
to d, 4 3 to /, and 5 6 to To describe the volute or describe the arc h d. From 5 (see diagram A.) draw 

spiral in fig. 48.^* Let a 6 be the breadth of rail. Set a line parallel to 2 /; and from 5, with 5 d as radius, 

off this four times on the line a e to c. The point d descril)G the arc d u. From 6, as centre, with 6 u as 

will divide the distance between a and c into two radius, describe the arc u v. From 7, with 7 v, describe 

equal parts. Divide d a ov d c into equal parts, one the arc v tv, and from 8, with 8 w, describe the arc iv m. 

more than the number of revolutions the scroll is From 9 draw a lino 9 n, parallel to 2 /, and from 9, 

designed to be; in the example this is three, so divide with radius 9 rn, describe the arc rn n. From 10 



Fig. 45. Fig. 16. 

the parts d c into four equal parts; take half of one 'draw a lino 10 o, and from 10 with 10 n, describe the 

of these parts and set it off from the point e (see also curve n o. From 1 1 draw a line 1 1 k, parallel to 2 /, 

diagram a, which is the eye of the scroll on a larger and from 11 with 11 o, describe the arc o k. From 
scale), on either side to the point 1 and 4; draw 12 12, with 12 k, describe k 1. The arc / is described 

and 4 3 parallel to each other, and extend them in- from 9, the arc q r fi'om point 10, the arc r 8 from 
definitely. Make 1 2 equal to 1 4, and draw 2 3 point 11, and arc 8 t from 12, From centre 1, with 
parallel to 1 4, thus completing the square. Join e 2, 1 as radius, describe the arc h j ; from centre 2, with 

e 3, and divide v 2 or e 3 into the same number of 2 j, the arc,/ k ; from centre 3 the arc k a*, and from 

equal parts as there are to be revolutions in the scroll centre 4 the arc 5' c'; from centre 5 the arc c' running 

as three in the points 10, 6 — 11 — 7. Join 6, 7 — 10, into the arc at o. 

11, by linos parallel to 2 3, and G, 5 — 7, 8 — 10, 9, Drawing or Describing of Helices and Screws, 

and 11, 12, by lines parallel to 1 2, thus completing Closely connected with the subject of spirals, of 
the internal squares. The corners of these taken and which we gave examples in the preceding chapter, is 

numbered in succession, commencing from the point that^ helices and screws. 

1, will be the centres from which the quadrants of lJ\Vnow direct the attention of the draughtsman to 
circles forming the curve of the scroll in fig. 48 the delineation of the curves in winding or helical or 
are described ; the opeiations being as follows (the screwed lines and surfaces. The curved line known 
numbers of the centres being taken from diagram a, as a helix, which is the base of all the forms we 
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describe as winding or twisted surfaces — such as 
screws, the propellers of steamships, and winding 
staircases — is that which is generated by the traverse 
of a point over and around a cylindrical surface. This 
surface may be that of a cylinder, as a 6 c d, fig. 1, 
Plate CLXXXII., with its sides parallel, or it may be 
that of a cone or the frustum of a cone, as a 6 c d5 in 
fig. 3, Plate CLXXXII. A fair idea of the nature 
of a helical or screw curve may be obtained by the 
following simple model diagram, as it may be called. 
Construct a triangle ahc, tig. 6, Plate CLXXXII., on a 
piece of thickish paper, of which the base 5 c is greater 
than the height or perpendicular h «, and mark the 
hypothenuse a c with a band in red or blue pencil. 
Cut this triangle out with sharp edges all round. 


and paper be turned round, still keeping them tightly 
in contact, till the exactly opposite side be looked at, 
the appearance presented will be as at m n o. The 
draughtsman will thus perceive that of this winding 
line only one-half of the bands or complete convolu- 
tions are seen on one side, the other half being on 
the other side of the pencil or cylinder, and that they 
must occupy the spaces between the bands on the first- 
seen side. This is shown by the view m n o of the 
side opposite to that &t/ g h if in the relative position 
of the lines m n o to the lines J k 1, indicated by the 
dotted band p. But this band would not bo as in the 
direction at p corresponding to my but would incline 
in the opposite direction, as at line qr. ] f, therefore, 
the model was to be delineated so as to show the band 



Take a pencil or cylinder of small diameter, and place 
the paper triangle in relation to it as shown at d e 
(fig. 6) j then wrap the paper steadily and tightly 
round the pencil, and continue wrapping it round till 
the point c is reached. If the young draughtsman 
will closely watch the coloured edge a c as it shortens 
by being wrapped round the pencil, he will perceive 
that it forms a winding line gradually ** coming down 
— to use a familiar phrase — the pencil as the wrapping 
proceeds. When this is completed, and tlie point c 
reached at the foot d of the pencil, and the whole is 
held tightly, to prevent the paper triangle from un- 
winding, and it is held up straight before the eye so 
os to get what is called a front elevation of it, the 
appearance it will present will be as at / ^ fi if with 
the coloured bands as at j, k and L If the pencil 


in its complete winding, one -half would l>o in full line, 
as aij k If the other half in dotted line, as at q r. 
This is shown in the diagrams in fig. 4, Plate 
CLXXXV., and fig. 3, Plate CLXXXII., the helical 
line in front being in full lino and hatched or cross- 
lined, the hel ical lines at the back, or those not seen 
in the front view, being dotted. . 

A helical line may be cylindrical — that is, when 
looked do’^y^n upon in plan would show as a circle, 
the diameter at any one point of its horizontal section 
being the same, and this in consequence of the cylinder 
being parallel sided or of equal diameter throughout. 
Or the helical line may be conical, still circular in plan 
when looked down upon, but the diameter being less 
at the upper point than at the base, and this in pro- 
portion as the diameter of the cone or the fnistum of 




iPlate CCZVII. 






Tha Taehn^l Jowmal,'\ 


[Hate OCLJX, 






THE CARPENTER 



Fio. 2. 




THE TECHNICAL STUDENTS INTRODUCTION TO MECHANICS. 


THE TECHlSnCAL STUDEHT^S IHTEODXTCTION 
TO THE OENEEAL PEINCIFLES OF 
MECHANICS. 

Laws affecting Natural Phenomena — Matter and 
Motion. 

CHAPTER XXXII. 

In continuance of the subject of the action of the 
windmill, begun in last chapter, wo have to notice, 
in regulating the speed of the arms by the adjustment 
of the sails, they are covered or partially covered with, 
that if the wind l)o too strong, it is obviously neces- 
sary to do as the sailor does in like circumstances 
— that is, ‘Hake in sail,” and in some instances, as 
may be seen in windmill w^orking, “ fui*l ” one r>r two 
sails completely, so that one of the arms, if not two, 
are allowed to revolve with little or no siiil-covoring 
extended. In old mills the canvas covering was 
wound upon a roller e.xtendiiig along the whole length 
of the arm, and by turning this tlie sail was spread 
more or loss ovei* the surface, as desired. This was 
a tedious process, and involved the stopping of the 
mill and the careful attention of the miller, to watch 
ami provide for the varying force of the wind. In 
improved mills the sails were divided into sections, 
each section or width being mounted on a separate 
roller, and the whole were under the control of a 
system of rods and levers a(;tuatod by or under the 
influence of a governor, of the typo used in the steam 
engine, so that as tlie vehxdty of the arm increased 
beyond a certain point the rollers were wound up, 
and the surface being lessened the velocity was 
decreased. When the speed became too slow the 
governor fell, and unwinding the rollers, spiead 
more canvas over the fniming, and the velocity was 
increased. Notwithstanding the widespread em- 
ployment of steam as a motive power, the use of 
windmills is by no moans done away with. Great 
numbers are still employed in certain localities, and, 
so far as present circumstances seem to imlicate, will 
bo employed for a long time yet. Indeed, foi- some 
departments of work windmill powei’ is on the 
increase, and in many colonial districts it cannot 
well be dispensed with. The various problems con- 
nected with the 'work are inteix)sting, ami the 
working details are fine exemplifications of natural 
law’S or principles. ^ 

The Action of Fluids on Oblique Surfaces.— Mechanical 
Exemplifications. 

The action of fluids on oblique surfaces in pro- 
ducing and in regulating motion is exemplified in many 
other departments of mechanical work, in addition to 
those already noticed. Supposing that in a dead 
calm, with the air quiescent, we applied such force to 
the shaft, cZ, of the windmill in diagram fig. 48 mite, 
as to make the arms, h, c, wdth their sails set, revolve, 

VOL. JV. 


we should cause the sails to act upon the quiescent 
air, so that the pressure created on their oblique faces 
would cause the air to flow back, as it were, from the 
faces, as in the direction I ; but the flow being resisted 
by the body of air behind, the reaction causes the 
sails to be in reality forced back in the direction of 
the arrow at 71 ; so that the shaft cl is foi’ced eiid-on 
inwards towards its bearing or top. This action 
probably gave rise to the invention of the propelling 
screw. A screw proper is simply an inclined plane 
rolled round a cylinder, the diameter of the boss or 
cylinder and the obliquity or angle of the inclined 
plane regulating the character oi the turn of the 
plane round the cylinder, and the distance between its 
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edges as they are successively carried round the boss 
—in other words, giving the pitch or twist of the 
.screw% If w^e take a piece of flat, flexible material, 
as a h, fig. 52, and holding it fast between the thumb 
and forefinger of ono hand at a, and by the other 
at 6, giving the wrists a turn in opposite dii-octions, 
as shown by the arrows, w'o obtain a twdsted surface, 
as at c d ; and if the twist or turn has been equal in 
force at the ends a and h, the twist will be equal, 
though in opposite directions, on each side of the 
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central point e. The twisted surface here obtained is 
imi‘t of a hdix, or screw ; and if we suppose that the 
twist bo completed so that the ends form a circle 
round the axis or centre line — .shown dotted — at 
c a cl, yve have a screw, as in fig. 53, which is virtually 
a flat surface twisted regularly round — that is, the 
twisting force in one direction being equal to the 
twisting force in the opposite direction — a central shaft 
or axis, as a h. If wo suppose this s<'row to be placed 
in water flowing at a certain velocity in the direction, 
say of the arrow f/, this striking the oblique surfaces, 
as at d and e, perpendicularly, the result is a force 
tending to push, so to say, the points e and / outwuirds ; 
but as these are ngidly connected wdth the shaft a h, 

13 
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the lateral motion is converted into the circular one of 
the points e and /, as in the dii'ection of the arrows in 
opposite directions, and the consequent circular motion 
of revolution of the sliaft a h. We can thus convert 
the rectilineal flow or force of the water in the direction 
of arrow c into a turning force of the shaft a 6, which 
may l>e led off to any point desired by appropriate 
mechaniciil arrangements. Conversely, in place of 



having the water flowing onwards, we have it still or 
in a state of quiescence ; and if we then give by some 
means or another a motion of revolution to the shaft 
a hf the screw blade striking the water at different 
angles of ohlicpiity, we have precisely the converse or 
opposite result to that of the ariangoment al)Ove 
named, and we thus cause the water to be moved along 
in the direction of the arrow </, If we place the screw 
shaft at an angle a oblique to the surface of the 
water c d in fig. 54, und twist a pipe helically 
or screw fashion round the shaft, we get an inclosed 
and inclined screw ; and if the lower orifice, as at 
be immersed in the water, we can by causing the 
shaft and its screw pipe to I’evolve, lift a portion 
of the water from a low level, as /, to a high one, 
as 6. This contrivance, sometimes used in liydi-auUc 
mechanism, is known as the Archimodian hydraulic 
screw, its invention being attributed f-o the celebrated 
ancient philosojdier Arcliimedos, and hence its name. 
Tin’s contrivance is adapted in many ways to the 
mechanism of industrial work. As a currier or mover 
of gmnular substances from one point to another in 
level or nearly level directions, and also in raising 
those substances from a low to a higher level, the 
Archimedean screwr proved itself of great utility. A 
well-known adaptation of it is the ** malt carrier ” in 
breweries and the “ flour carrier ” in flour mills. The 
malt or flour is conveyed in an open semicircular 
trough, or in a closed tube, as g h i j, the radius of 
which is a little, in excess of the nxdius of the screws 
Z’, ky in fig. 54, so as to admit of a little ‘‘ clearance 
between its periphery and the surface of the trough. 
The flour or malt is supplied at one end of the trough, 
and is conveyed or carried along to the other, wliere 
it is delivered by the continued revolution of the 


screw — the shaft of which is set and kept in motion 
by appropriate gearing connected with the ** line ” or 
“lying” shaft, receiving its motion from the prime 
mover. The blade of the scrow as it revolves comes 
round in contact with the flour or malt, and entering 
amongst the particles and descending through them 
in a direction oblique to the lino of direction of the 
trough, shoves it, so to say, forward, between one 
face, the inner, of the screw, and the other face, the 
outer, as between the points h and i, fig. 53 ; and the 
supply of material to the trough being continuous, this 
shoving or propelling motion is also continuous, so 
that the portion passing along between the two first 
convolutions or blades of the screw is passed on to the 
next tw^o, and so on to the last, or point of delivery. 
There is no stirring or lifting up of the material as 
the blades revolve : they seem, in fact, looking at the 
apparatus in work, as if they merely kept revolving in 
the midst of it without giving any progressive motion 
to it. The young mechanical student will derive 
some lessons useful in his practice if he watches closely 
the work done by a screw carrier when he has the 
opportunity to see it in operation. 

Further Mechanioal ExempUfioationB of the Action of Fluids 
on Oblique Bnrfaoes. 

If an Archimediari screwy in place of revolving in 
still w’ater in a fixed positiori, be placed in a vessel 
floating in and capable of moving along the water, as 
the screw a, fig. 55, at the stern of a boat h c, the 
w^ator, as the screw is made to revolve, is passed 
along its blades in the direction of the arrow d ; and 
as one blade at a certain angle creates a motion in 
the direction of the arrow e, another blade at another 



angle gives a motion in the direction of the arrow /, 
but as the blades are of equal obliquity and opposite, 
the motions on each side, e and /, are also equal and 
opnnsite, and the resultant of the two is a motion 
foTOard of the vessel in the direction of arrow g, just 
as if the vessel were pushed forward by a pole pressing 
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in the direction of the arrow d on some solid and fixed 
body placed at its point. Such is the principle of the 
screw,” used almost to the complete exclusion of the 
‘‘ paddle-wheel ” propeller for steam vessels. It was 
first applied, many years ago, to the propulsion of 
canal boats, for which it was peculiarly well adapted, 
as there was neither breadth of surface nor depth of 
water at the sides to admit of the use of side paddle- 
wheels — which, moreover, caused much damage to the 
banks by the tidal waves they created. But from lack 
of a due consideration of the conditions under which 
the old contrivance of the Archimedian screw was 
adapted to this work, the inventor failed in making 
his application a success. It vras not till a mechanician 
of the name of Smith, some half a century ago, 
adapted the screw to sea-going vessels, that its value 
began to be recognised ; and by the efforts of a host 
of succeeding inventors it was made so thoroughly 
eflicient that 8crew-propelle<l steamsliips, both for 
coasting and deep-sea voyages, are the rule, paddle- 
wheel steamers being altogether the exception. In 
the Navy screw steamers are alone \ised, the only 
exception being in “ despatch boats,” which are 
employed for special purposes where speed is required ; 
for the screw can never — has at all events as yet not 
been able to — compete with tlie paddle as a means of 
giving speed to the vessel in which it is employed. 
But the other advantages possessed by the screw, 
— and none of which can be obtained from the use of 
the paddle-wheel— such as the small bulk and weight 
of the screw, its being placed in a situation beyond 
the ordinary range of shot, and so that it does not 
interfere with the sailing qualities of tlie vessel, thus 
enabling the steam-worked screw to bo an auxiliary 
power to that of the sails, etc., etc., are so great that 
it is in practice considered bettor to submit to the 
sacrifice of a certain percentage of speed by its use^ 
than obtain the higher speed by the use of paddle- 
wheels with all their disadvantages. Nevertheless, by 
the improvements effected in screw-propelled vessels, 
all are new regularly worked, giving for the longest 
voyages a marvellous rate of continued speed. 

The Screw Propeller. 

In the modem screw propeller the screw is much 
modified from its original, or what may bo called its 
normal form, as in diagram fig. 53 ante. In this, the 
usual form, the blades, e, /, are continually applied 
round the central shaft ah^m that the helical surface 
is uninterrupted from one end of the screw to the 
other ; and the twist, or what is technically called the 
pitch,” is such that the complete arms of the blade 
are pretty frequent or close together in a given length 
of the shaft or central boss. In place of a continuous, 
an interrupted blade is used in the screw propeller ; in 
general practice this is carried to such an extent that 
a part only of the helix is used ; and the screw as seen 


in plan and elevation has two blades, asLijnkl^ fig. 55, 
projecting from opposite sides of the central boss 
of the shaft, y j m, by which motion is given to the 
screw. The position of the screw in relation to the 
vessel is that part known technically as the ‘Mead 
wood,” as n n, which is in line with the keel o of the 
vessel, and runs up to join the lines of the stern p. 
This dead wood is placed before — reckoning from the 
bow or forward part of the ship — the rudder which 
must of course be the last or extreme outer part of 
the vessel. An open framework, r, is placed in the 
dead wood in which the screw works, as shown in the 
position at hi, and the screw shaft y passes through 
a water-tight stuffing box at s; tlie outer end of 
the shaft working in and bearing up against a step, 
fixed to the framing in the dead wood n. 

The forms of screw blades and their pitch intro- 
duced from time to time into practice liave been very 
numerous ; and those proposed, but which have for 




Fip:. 56. 

one reason or anotlier met with but liUlo, in some 
cases no success in practical woiking, are more 
numerous still. A record, indeed, of all that has 
been done and proposed in connection with screw 
propellers would take up the space of a very large 
volume. A few notes, however, in connection with it 
will be useful here, as explaining further the point 
we have at present under consideration — namely, the 
action of fluids upon oblique surfaces ; or the converse 
of this, the action of those surfaces upon fluids, 
acccording as the one or the other is in motion in 
relation to the other which is .at rest. If we com- 
plete the^ circle of which the ends of tlie blades k, I, 
diagram fig. 55, form the screw, this circle might be 
looked upon as a flat disc, the suifaco or any one of 
its diameters, as a b, a' V in diagram fig. 56, would 
be at right angles to the shaft or line a' e passing 
through the centre. The blades, as a, e/, e, diagram 
fig. 54,. are not parallel, as at y, to the supposed disa 
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Jc (a' y h)y but are placed oblique to it, as at L This 
angle or degree of obliquity is not, however, continued 
the same throughout the whole length of blade from 
the tip or outer edge, d c, to the centre where it 
joins the boss or shaft a, but it varies, being greatest 
near the boss a and least at the ends d, e, where it 
nearly approaches tlie parallel position at j, as forming 
a very small angle with the tace of assumed disc k. 
The reason for the obliquity increasing as the blade 
apprmches the boss a, and as the width of the blade 
deoi'eases, will be obvious on considering that the 
speed or velocity of the water passing over the surface 
of tlio blade is a uniform or unvarying quality, 
wliile the anguljir or circumferential velocity of the 
blade at various points of its section is a varying 
velocity. Thus, it is evident that the space through 
which the part of the hlado taken on the sectional 
lino h i pass(is in a given time is greater than the 
space j)asscd tlirough in the siimo time of the part 
of the blade bet\voer» points / and g ; the speed of the 
tips, as d, c, is therefore mucli greater than tlie part 
nearer the central boss a. The water passing o%'cr or 
past the whole surface of the blade at the same or a 
uniform velocity, and as the surface on which the water 
acts is much loss at the narrow i)arts of the blade, 
as / g, than at the broad parts h i, by giving the 
greatest obliquity to the narrow parts a gi’cater grip, 
so to ;siiy, of the water is obtained ; the proportion is 
thus equalised over the whole surface of the blade. 

Mechanical Tenue connected with Screws. 

If the blade, in place of filling up but two spaces 
or divisions of the circle, as in the ordinary form of 
screw propelloi’s, as at I k in diagram fig. 55, filled 
up the whole space, and was continued round the 
shaft till the gernual curve due to the screw as a 
a whole was wrapped, so to say, luund the shaft, it 
would assume the comfdeted form as in diagram 
fig 51 antfi, its length being comprised within the 
space bounded by the dotted lines //, i. This distance 
g h is called the pitcli of mrew. And by the term 
pitch, as applied to a tw^o-bladed propeller screw, is 
meant the distance between the two points or lines 
h’ a’ y and k I in fig. 56, being those where a line 
draw n })arallol to the axis of tlie screw a' e would cut 
the edges of the blade if it were continued round 
the shaft till the screw was completed as at i h in 
fig. 53 ante. The length of the line as h' I in 
fig. 56, gives, therefore, the pitch of a propeller 
screw, and is generally taken or expressed in feet. 
At first sight the student would suppose that the 
propelling jKDW’er of the screw would bo that due 
to the oblique action of the screw of a determi- 
nate pitch, and that every complete revolution of tlio 
screw w’oukl pass any body or point of tbo water 
along the blade of the screw from the point, as 6, 
where the revolution began, to the point ly where it 


teiminated. But the power due to the theoretical 
conditions of the screw and the water in which it 
turns is greatly modified and lessened by the practical 
conditions in which the screw works in relation to 
the water and the ship which it has to move or propel 
along. Considering the water as a solid yet mobile 
body, the screw in revolving and at the same time pro- 
gressing or moving forward in it, — for the two are 
coincident, or in action at the same time, — insinuates 
itself, so to say, into the body of the water ; but what 
may be called the grip,*' due to the obliquity of the 
blades, on the water is not continuous, but at times 
loses its hold or slips from the water, so to say. By 
the existence of this loss, technically called the ‘‘slip ” 
of tlie screw, the difforence between the theoretical and 
the actual speed of the vessel propelled by tlie screw 
is considcmble, varying from one- fourth to one-third. 

Farther Ezemplifleations of the Action of Fluids on 
Oblique Surfaces, — Projectiles. 

The action of fluids on oblique surfaces is very 
finely illustrated in that important department of 



the mechanic’s art — projectiles, to which of late years 
a variety of circumstances have given remarkable 
prominence ; and which has given rise to an exceed- 
ingly wide range of inventions and of mechanical 
work, designed to give greater power and precision 
to ordnance, and conversely greater strength to 
surfaces such as the sides of vessels or the walls of 
forts, in order to resist this power. The action of 
fluids on the oblique surfaces of a body which is 
projected or sliot through the air by some force 
Ls well exemplified in the case of the common arrow. 
This, as well known, is a long straight rod, a a, 
fig. 57, tipped or shod with a metallic barb or 
dart, pointed as at h to penetrate the object aimed at. 
Thus furnished, however effective it might bo in 
penetrating any body which it might strike end-on, 
there 4PDuld be no security that the object aimed at 
would itself be struck. 
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THE GKAZIEE AND CATTLE BBEEDEE AND 
FEEDER. 

The Technical Points connected with the Varieties or 
Breeds of Cattle— Their Breeding, Hearing, Feed- 
ing, AND General Management for the Production 
OP Butchers* Meat and op Dairy Produce. 


OHAPTEIl XXV. 

In using the cultivator or grubber alluded to at end 
of last chapter for the getting rid of weeds, it is to be 
noted that while this implement tears up many of the 
weeds by the roots, others, such as the thistle or dock 
— if the latter has been allowed to go to se(*d — it 
simply breaks off. The weeds thus left loose should 
not be allowed, as some farmers allow them, to lie on 
the surface, in the hope that they will decay, and in 
so far act as manure. They may do this, and in a 
limited sense will; but the benefit derived in this way 
will be far outbalanced by the evil done; many of 
them again taking root, and growing up as future 
pests. Tlio true metliod is to collect them with the 
harrow or cultivator, and carry them off to the com- 
post lieap ; to wliieli tliey will make the best addition 
if they first be dried and then burnt to fine ashes. 

Whore tins radical method of treating tlie surface 
of weed-infected grass laud is not adopted, or 
considered unnecessary, a close and a constant 
warfare should be maintained against the weeds. 
This, in the case of the broad-lejived plants, is best 
done by keeping mowing them down. They will 
ultimately give way to this treatment, wliicli, how- 
ever much it may be looked upon as troublesome, is 
at all events effective. In the case of tlio thistles, 
and indeed in that of tlic docks, which aio long tap- 
rooted plants, tho best way is to pull them out by the 
roots, either by hand — when the soil is soft by long 
continued I’ain — or by tlje hand tool knowm as the 
dock spado, or spud. Wo have known a field badly 
infested with docks effectually cleared by the use of 
an artificial manure of salt, soot, and nitrate of soda^ 
this last ingredient being the bulk of the manure. 
One word as to ^^w’eods.” Anything in a pasture 
field not a grass is held to be a weed, and therefore, 
if possible, to be got rid of. Soino of our readers 
may bo surprised to learn that beyond any doubt 
some of the so-called weeds of pasture lands play as 
useful and as important a part as the glasses. 
They are, in brief, what sauces, salt, popper, and the 
like, are to the food of man — tho condiments of cattle. 
That our farm animals aro specially fond of certain 
plants is well known ; but it is not so well known 
that they are favourites to all the animals alike. On 
the contrary, each animal has got its own peculiar 
favourite plant or weed. But such plants are not 
merely to be considered as condimental or flavouring 
substances; some are a? so medicinal in quality. We 


do not go quite so far as a well-known agricultural 
authority, who maintains that as yet we know 
nothing compared to what we should and might 
know of our grasses and their accompanying weeds 
so called, and of their remarkable and indeed 
common or general properties as substances useful 
for feeding and also for health purposes; but wo 

our pasture lands and our meadows, and what is 
grown upon them. 

DiverBities in Grais Lands for BiversitieB of Feeding Stock. 

We have in a preceding pai*a graph pointed out the 
fallacy held by many, and w hich may bo exprt'ssod in 
the saying, grass land is grass land, and there is no 
more to bo siiid about it,” and tho corollary or de- 
duction drawn from this, that all aro alike valuable. 
We have shown how erroneous this is, and how 
numerous are tlio points wdiich really influence the 
value of pasture lauds. Wo have hero to allude 
to another fallacy,— wdiiidi is, that as all our farm 
animals, the cow, tlie fatting ox, the horse, and 
the sheep, are fond of and can live u})on grass, if 
we have grass land at (!ommand it will bo equally 
valuable, whatever its characteristics, for all t hose or 
any one of those animals. On which it is only necos- 
siiry to remark that every sound practical grazier 
knows that, so far is this from being true, tlie exact 
converse is the case, and that therefore wo luivo our 
‘‘cattle” or “bullock grazing lands,” and our “sheep 
grazing lands.” That is, this distinction is a pmctical 
one where grazing is scientifically and systematically 
carried out, with a view to get tho highest economical 
results. And, as w e have thus tw'o great divisions, w^e 
have also subdivisions, so that w’^e find that grazing 
which will give good results for one breed of bullocks 
will give very indifferent results for another breed. 
Thus, where the massive shorthorn — and in some 
respects the remark holds equally true of its great 
rival tho Uereford — bullock would find such insuf- 
ficient pasturage that it Avoukl not thrive, nnotlier 
breed would find a sufficient supply of food to make it 
in good condition. But there is yet another fallacy 
but too prevalent amongst farmers and graziers of a 
certain class — namcily, tJiat “ if you luivo your grass 
lands, and those of good quality, that is all that is 
needed.” A great deal more, however, is required 
than this merely having a good supply of food 
for your grazing stock. For the man may have 
his larder or provision storeroom filled to the full 
with the best of everytliing, and yet get but little 
ultimate good out of it all ; wkilo another wdll do a 
great deal more with a less supply of substances. In 
the one case there is a wasteful or thoughtless, in the 
other a careful use, and w^e all know what the results 
of those antagonistic methods of dealing with sub- 
stances of any kind ore. And just so wdth grazing 
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lands : there is a way of so feeding them ofT with the 
stock that the very best results are obtained ; another 
way which gives only indifferent, sometimes positively 
bad results. How and in what way this is brought 
about we shall see os we proceed, whei*e we take up 
the subject of the management of grazing stock. 

Neoeifity of a Knowledge of Orasiei on the part of the 
Grader. 

We have said that a knowledge of our nutritious 
grasses is necessary on the part of the grazier aiming 
at carrying on liLs business in a scientific and systematic 
way. To become a thorough master of the subject 
would require close and systematic study not only 
of its scientific details, but a close observation of the 
peculiarities and habits of growth of the different 
varieties. In its extended and comprehensive practice 
it indeed forms a speciality, which to be thoroughly 
successful in may bo said to require a lifetime of study 
and practical work. And it is a speciality which 
abounds in a vast variety of most interesting details. 
It is but few who have made it thus a speciality, and 
have given to the world the results of their devoted 
labours. Wo have thus comparatively few published 
works of authority on the subject. The oldest, if not 
chief of these systematic works, is Sinclair’s well known 
work on grasses, which may be siiid to be the great 
authority, Parnell on Grasses is another authori- 
tative work. Several of our leading farming authori- 
ties and of our agricultural seedsmen have of late 
years paid special attention to those departments of 
the naturally wide subject which have a more direct 
and special bearing upon the practical cultivation of 
those grasses fitted for permanent pastures, grazing, 
meadows, for haymaking, and for alternate hus- 
bandry, or artificial grasses for cutting and soiling, 
so that the published results of their experience in 
field trials and experimenting places at the disposal 
of the young grazier a large store of highly useful 
information. The close study of the subject to which 
we have alluded cannot be expected to be given 
by the grazier, who has all the labour of his daily 
work and the cares of his business as a buyer and 
seller to engross his attention and take up his time ; 
but nevertheless, if he has the ambition to occupy 
a high position in his calling, and to be of practical 
service to his follows as an authority, he ought at the 
least to have a thorough practical knowledge of the 
special grasses which are the most valuable for the 
purposes of his trade. Those— fortunately or un- 
fortunately, just as the subject is viewed— are so 
comparatively few in number that it will not take 
much time to become well acquainted with their 
external peculiarities and with their habits of growth. 
We should, in the case of the young practician — ^if 
not in that of him who is more advanced in years and 
possessed of a wider experience in practical details of 


grazing — strongly recommend him to set aside a small 
extent of land, carefully prepare its soil, and set out 
its surface in compartments or squares, separated by 
as wide alleys or walks as the ground space will admit 
of, BO as to keep the squares as distinctly separated 
from each other as possible. One of these squares 
should be devoted to the sowing and ultimate culti- 
vated growth of one variety or kind of grass. It will 
be all the better if two or even three squares or plots 
are given to one variety, taking care that those 
squares are in different parts of the general plot. A 
rough paper plan of the whole of the plots or squares 
should be made, and the names of the varieties and 
their dates of sowing should be recorded on each 
square of the plan, corresponding to the position of the 
square in the general plot of land. This written plan 
of squares should bo so large as to admit of notes being 
inserted, such as respects dates of coming into flower, 
and other points noticed. By some such arrangement 
as this, more or less modified, the young grazier would 
find that he had the means of becoming practically 
acquainted with the most valuable grasses for per- 
manent pastures and meadow lands, their peculiarities, 
habits of giowtb, etc , etc. The growing experiments 
however, should not bo confined to those departments, 
but should embrace tlie artificial grasses, as Italian 
rye grass, the clovers and other forage plants, such as 
Lucerne, useful for cutting and soiling purposes, and 
for the new method — or rather the recent introduc- 
tion of an old system — of preserving forage known as 
‘‘ ensilage,” hereafter described. We can promise the 
young grazier — for we have tried the system — not 
merely the acquisition of much useful information 
by the adoption of the plan here recommended of 
experimenting ; but a vast deal of intellectual pleasure, 
which in more ways than one he will find very 
fascinating. 

Judicioui and Economical Feeding off of Faetnres by Stock. 

We have said that it is not enough that the grazier 
should be possessed of good lands, and those covered 
with nutritious grasses, and the whole kept in a con- 
dition of high cultivation : in order to make the most 
of his pasture fields it is further essential that he 
manages his feeding them off” under certain rules 
or principles. We have shown the necessity which 
exists for attention to the points just now named; 
but, as we have already hinted, the grazier may possess 

grazings,” as they are technically called, or grass 
pastures of the best quality, and those well adapted 
in thefr variety for the class of live stock he is grazing, 
yet may fail to secure the best paying results, simply 
because he is not economical in his feeding off of the 
grasses at his command. So frequently is the practice 
followli that it may almost be said that it is the rule 
for graziei’s to overstock their land. They either put 
too many ** beasts,” as fattening and store cattle are 
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technically called, or too many sheep, on a certain 
extent of land ; or if they put on fewer they keep on 
feeding for a longer time. In both cases the lesult is 
that the grasses are ** cropped oflf too short, or “ eaten 
down ” too close. And the result is a certain loss of 
productiveness in the fields, and also a loss in the 
1‘otarded fattening or feeding of the animals them- 
selves, The system of overstocking of grazings incurs 
therefore a double loss. The last-named source of loss 
the inexperienced reader will more readily under- 
stand than the first, for if too many animals arc put 
up ” on a certain extent of grazing it is obvious that 
they must have less food than they requii-e. But the 
reader may not see so readily how this system of 
overstocking has a bad influence on the productive- 
ness of the pastures themselves. The point involved 
is one of great practical importance, and may be 
stated thus. The grass plants have a natural ten- 
dency to keep up a continuous growth ; this of course 
varies in different seasons and under different circum- 
stances of soil and climatic influences: when eaten 
down by stock this tendency to grow or to recover 
their original or normal state of growth is in propor- 
tion to the extent to which the eating down has been 
carried. If too much oaten down, so that a certain 
point is reached, the recuperative powder of the grasses, 
or their tendency to grow again, is very much lower 
in proportion than if the eating down process had 
been stopped before this low point had been reached. 
We may illustrate the point arithmetically thus. 
Suppose the normal extent of growth of the grass to 
be two inches high or deep, we put in stock to eat it 
down to a height of one inch ; w’e then take the stock 
off the grazing, or “ lay or “ ley,” and we find that 
a fortnight’s rest suflices to bring the grass up to its 
normal or two-inch height. This may bo called the 
measure of the recuperative or lecovering power of 
the grass. But suppose we eat the grass down to a 
height not of one inch, but of half an inch, we do not 
find now the same proportion to exist as regards its 
recuperative powers. If it did it would take throe 
weeks’ rest to get up to the normal height of two 
inches, but as it does not, it actually takes four to 
five weeks. And the further we go on ilie descending 
scale, that is, the more closely we eat dowm the grass, 
the more do we lessen its recuperative power. And 
the ratio in which this is deci eased in proportion to 
the increase in the length of time during w^hich the 
grass is being fed off increases very rapidly, — so much 
FO that a point is soon reached at which it is very 
difficult indeed for the grasses to recover at all, 
permanent deterioration frequently resulting, and even 
when recovery takes place it is found that over- 
stocked grazings rarely get up again to their original 
good condition. In giving this arithmetical illustra- 
tion of a point which literally lies at the root of the 


economic administration of grazings, we do not of 
course give what are the actual proportions ; all that 
is done is to show the relative results of relative 
conditions of different kinds. 

Changing of the Stock from One Field to Another. 

We have said that this over-eating-down of grazings 
may be done in tw’o ways, — by keeping a comparatively 
small number of animals a longer time than a greater 
numl)cr on the land. The two results look, but are 
not in reality the same. The evil done to the pastures 
is greater with the greater number than with the less, 
for the poaching and cutting up of the surface of the 
field is more hurtful with the greater number. Ib 
avoid the two great evils of the system of overstocking 
or overfeeding off pastures, the deterioration of the 
gnisses and the short feeding or part starvation of 
the animals, it is obviously necessary that the grazier 
should have the coiuniand cf more fields than one ; so 
that when the proper bite ” or amount of feed fails, 
or the point is reached at which the judicious grazier 
would take the animals off the grazing, ho will have 
another field in good condition to take them to. And 
this good condition ” wdll in itself be also and best 
secured if the fields are so proportioned and arranged 
that each will have its due length of time to recover 
the growth of its grasses, and that each will never bo 
eaten down below the proper point. 

This changing of the stock from one field to another 
will, as in all other classes of work, be the more 
efficiently as it is the more systematically done. And 
the young grazier lias the greater encouragement to 
this in the fact that the system carries with it other 
advantages than those we have named. Thus the 
change of fields is in effect a change of food, inasmuch 
as it very rarely happens — if indeed it over in 
practice does so — that two fields, even contiguous or 
closely contiguous ones, have grasses or a “ bite ” of 
the same character. How^ever closely the nature of 
the pastures in the two fields appear, there is always 
some difference, — some plants, for example, not strictly 
grasses, the weeds so called, which we have seen to 
be not altogether useless, being present in the one 
field which are not present in the other. And the 
advantages of a change of food physiologically we 
have in another jiartof this section fully shown. But 
although this change of bite ” or food is beneficial 
to all classes of stock, it varies in the proportions of 
ita efficiency. Thus a wide range of bite, that is of 
different pastui*es, seems to suit young stock which 
are being pushed on better than more advanced 
animals. And if we consider the physiological cir- 
cumstances of each class of animals, we can easily 
enough understand how this should bo ; for it is iu 
the earlier stages of the animal growth or life that the 
* impressions ” are receiveil which, being retained, 
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what is called the character of the matured animal, 
and these being received and this developed it is 
maintained with comparative ease. Less food, for 
example, is required to keep an animal up to or at 
the point of good condition than is necessary to bring 
it from a low up to this high condition. 

This bringing of animals from a low condition to 
a high, the reader will perceive, constitutes in reality 
the whole work of the grazier ; and the doing of it 
quickly and economically forms what may bo called 
his ‘^art.” And it is in the closest connexion with 
this that lies the value of the system of changing the 
pastures, or of varying the “bite.” We have said 
that this value depends greatly upon the systematic 
way in which it is carried out. Tlie fields of a grazing 
farm are, as wo have seen, of a varying character as 
regards the kinds and qualities of their grasses and 
plants. And this is in almost all cases so marked 
that tlie grazier has but little difficulty comparatively 
in maiking off some as worse in qiuility than others, 
so that he has thus to hand, as it were, classes rising 
in value. The principle in using these is compai-a- 
tively simple, and it lies in beginning the young stock 
and store cattle with the poorer pastures and gradu- 
ally taking them up to the richest when they are 
ready, or nearly readyi, for market. This practice is 
advantageous in another respect : the store, or thoKse 
cattle which have boon brought in for being fat- 
tened up for market, if not in good condition in the 
spring, if put at once in good or too rich pastui’es 
would receive harm. If a piisturo not absolutely poor 
is not available for this purpose, the cattlo may bo 
put into a field which has had its richest part already 
eaten off by advanced stock. 

The details of the system of change of pastures will 
necessarily vary on different farms and in different 
localities. It is impossible practically, therefore, to 
lay down a rule applicable to all circumstances ; the 
grazier being determined in his plan by his circum- 
stances, both as regards the number and the extent 
of the fields he has for pasturing. As regards the 
extent, it ■will upon the whole be better to have a 
greater number of j^mall fields than a few of largo 
acreage. He will thus be able to carry out a more 
perfect system of classification than ho otherwise 
could; and amongst the advantages of this not the 
least would be that he could keep weakly animals 
separate from the lustier and stronger ones, so that 
the poorer would have liberty to feed at will; a 
liberty which the selfishness of the stronger animal 
does not, as a rule, accord — and this greatly to the 
detriment of the poorer and weaker stock. Mixed 
herds of cattle and flocks of sheep can never be 
managed with the same precision as those carefully 
selected and classified. And it is just another of the 
advantages of the change of pasture system that if it 


does not in a measure compel the grazier to classify 
bis stock, it greatly facilitates this process. 

Area and Extent of Oraiing Eieldi. 

The number as well as the extent or surface of the 
different fields will be dependent upon circumstances. 
This will in large measure depend upon the area or 
extent of the fields; for if the grazier begins with 
a minimum, say, of four, and ends with a maximum 
of ten acres to a field, ho will have, with a farm of 
equal extent on the whole, a greater number of fields 
than the grazier who begins '\^dth a minimum of ten 
and ends with a maximum of twenty to twenty -two 
or -four. But wdiatever be the number of the fields 
the grazier has at command, the system we are now 
considering demands that this number be divided into 
certain classes. Each class of pasture will have the 
number of the fields distributed^ of course, by the 
size of the farm in the first place, and by the extent 
or area of its fields in the second ; thus each class 
may have only one field, or it may have two or more. 
Of these classes, all of which are essential to the system 
of change of pasture, on which, as we maintain, the 
efficient economy of grazing depends, the first is that 
devoted to the land at rest — that is, in which the grasses 
are recovering from having been eaten oil : this class we 
call “ free or growing land,” or, giving it a numerical 
distinctive number, 1. The next class is simply a 
field or fields of the first class which are ready for 
being stocked or fed off’, which is done only by the 
best and most advanced cattle. This we call the 
first feeding land,” or No. 2, The third class 
is simply No. 2, which, being fed down to a 
certain and a poorer point, is fitted for the reception 
of the cattlo next in quality or which are fed up to a 
certain point. Tliis we call “ second feeding land,” 
or No. 3. The fourth class is for young stock 
or poor store cattle, and is simply the class No. 3 
which has been still further eaten down by tlie 
second-class cattle. Or it may be some special 
extent of grazing land, giving but poor pasture, not 
easily, if capable of being at all improved. This 
fourth class we call the “poor feeding land,” or 
No. 4, Where the lands as a whole afford excep- 
tionally rich pastures, a fifth class may be added, 
adopting a still higher degree of classification of the 
animals as regards their condition. 

Sacoession of Grazing Eieldi in Uie. 

It will be observed that by this or a similar plan 
the system of feeding, like the line of a circle, is per- 
petually returning into itself. So far ns the fields 
are concerned in relation to their classes, and so far as 
tho animals are concerned, they are in a condition of 
continual advance : the young stock, beginning with 
No. 4 class, or No. 5 as the case may be, pass up 
and on^ No. 3, when they assume the rank of 
second-class or second-best animals 



THE SANITARY ARCHITECT 


165 


THE SAHITABT ABCHITECT, 

The Pbinoiples and Peaotioe of His Work, in Healthy 

House Abranokmbnt and Construction.— Technical 

Points of Sewerage and Deainaok, Ventilation, etc, 

CHAPTER X. 

On the subject of the mobility or capability of motion of 
the sewage matter of drains, we have, in continuation, 
to remark that, taking drains as they are, this 
mobility must be a characteristic of the sewage which 
is to be passed through them, before it will be so 
passed with the certain and assured rapidity demanded 
by the necessities of health. And the only agent 
available in giving to sewage this desired mobility 
is water. 

On this point an eminent aiitliority says ; It is 
quite obvious that it cannot matter in the least what 
pains are taken with the construction of the drain, so 
as to give it the form, the diameter, the fall, and so 
on, wliich scientific observation may show to be the 
most effectual ; it is plain that all this must be useless, 
and that all the cost of making it must be entirely 
wasted, if it is not amply supplied with water. No 
drains can bo efficient through which there do not 
How currents of water. If in any particular case it 
be not piacticable to cause a current of w'ater to be 
constantly flowing through a drain, then contrivances 
must be adopted to cause currents to flow through 
it at regular and no distant intervals. Without a 
provision for this regular and abundant supply of 
water, dniins not only fail to accomplish their object, 
but they become positively injurious. They generate 
and difluse the very poison the formation of which it 
is their object to prevent. When the animal and 
vegetable matters contained in a drain are not 
regularly and completely washed away, they become 
stagnant ; a deposit is gradually formed ; the matters 
constituting this moist and semi-fluid deposit are 
placed under circumstances highly favourable to their 
decompoifitioD.” 

Planning and Plans of Drainage Systems. 

In carrying out a system of house drainage wdiich 
will yield the highest sanitary efficiency of wdiich it is 
capable, there are certain points to which it is essen- 
tially necessary to attend ; in suweeding paragraphs 
those points constituting what we may call the standard 
of perfection in the practical work of drainage will be 
stated, and each will thereafter be considered in detail. 
But before beginning the actual work of construction 
of the drains and their appliances, embraced in the 
system adopted, the sanitary builder has a very 
important duty to fulfil — namely, to decide before- 
hand what the details of that system are to be. In 
other words, he must consider the plan or design of 
the drainage. This we conceive to be one of the most 
important, as it is obviously the first, of the duties of 


the sanitary builder or architect. Yet, obvious as is 
its importance, it is by no means a satisfactory matter 
for consideration to know that in a great many cases 
there is no plan of the drainage of house property 
ever thought of apparently, certainly no design so 
committed to paper as the result of careful study of 
the cii'cu instances which deserves the name of a plan. 
Very often, indeed, the drainage of a house is the last 
thing thought of ; hence, w'hen it comes to be forced, 
so to say, upon the attention of the builder (and this 
is often towards the completion of the general building), 
lie finds that its condition compels him to adopt a plan 
of laying of the drains which is the very worst pos- 
sible to be used, and which gises rise to grave evils 
afterwards. This seems to be the reason why such 
.systems of house drainage so often met have arisen ; 
for unless compelled to adopt them — either this or to 
have no drainage at all — one would hav^e a difficulty 
in conceiving that prac*-tical men, or those who are called 
such, could possibly have devised and carried out a 
system .so radically bad that a worse could scarcely bo 
achieved. A builder, by neglecting in the very first 
instance to plan or design drainage of a property he 
is called upon to construct, may find that his building 
has been so far erected as to give him only one way 
of laying down his drains — in fact, “Hobson’s choice, 
this or none,” — and, as we have hinted, the this will 
bo but little bettor in a sanitary point of view than 
the “ none.’^ The truth is that it not .seldom happens 
(so crooked, so to say, have been the notions of some 
builders as to what drainage really is), that after 
great expense has been gone to to carry out what was 
called a system of it, the result has been so grave in 
its evils, that experts have dt‘claied it would have 
been better, at least it could not have been worse, 
had no .system at all been attenipled. 

It seems to us, therefore, imperative tluit the builder 
or architect should do what in all sincerity we greatly 
regret is neglected by too many of them, and this is 
to give the most earnest consider.ation to the plan of 
the drainage work, so that the drains shall be laid in 
the best places, the most easily accessible, and above 
all, as an essential feature of the system, tliat the 
shortest possible length of any pai t of the system of 
diuins be near to or in immediate connexion with the 
house. A careful inspection of the ground or site should 
be made, accurate levels and meiisu remen ts taken, 
and a block plan prepared, devoted to the showing of 
the drainage system only. On this the position and 
direction of all the drains should be shown, their sizes 
and all junctions marked, the depths at which the 
tubes are laid within certain equal distances named, the 
fall or inclination generally stated, the position of all 
“ traps indicated ; so that at any future time, should 
occasion require, a glance at this, what we may call 
the “ drainage block plan,” will intimate at once the 
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position of the part of the drain which it may be 
desirable to inspect. This done, the builder or archi- 
tect will not come under the censure of experts, as too 
many have done, for having designed a house the drains 
of which ** are to be found no one knows where.” 

A plan such as the above, if accompanied with a 
schedule of facts, data, and prices of all practical 
kinds, would be all the more valuable, and be of 
exceeding service to the builder or contractor, who 
would no longer have perpetually to be asking the 
architect on his appoai^ance “ on the grounds ” where 
this drain is to be laid, what is to be the fall, 
etc., etc., or, failing his bothering the architect, who 
apparently may not wish to be bothered “ about such 
trifles,” doing what he likes in the matter, whicli is not 
always what ought to be done. But for doing this 
the contmctor can scarcely be blamed, as certainly it 
does not fall in any way within the line of his duty 
to plan and design. Moreover, this plan would be a 
source of satisfaction to the owner or tenant, inas- 
much as by its very existence security would be given 
that so important a matter had by the architect been 
at the least thought over and carefully planned. A 
veiy marked contrast this to the system at present so 
much followed, where a few verbal directions are given, 
not always remembered by the contractor in his book 
of work, or if remembered not always clearly under- 
stood. 

General Buies in Planning House Drainage. 

The rules are good ones in planning bouse drainage 
to have tlie drains placed so that the sewage will be 
taken as speedily as possible from the house, not 
allowed to conio in contact with it, further than is 
demanded by the necessities of the case ; and to care- 
fully avoid laying the drains under any part of it, 
more especially in the case of apartments. This, no 
doubt, is often extremely diflicult to do, from the fact 
that, as all the main sewers are in the front street 
or road, whilst the kitchen and working apartment's, 
water-closet, etc., are, as a rule, at the back of the 
house, to carry the sewage from these apaHments to 
the street sewer the drains must be laid across and 
under the house in order to reach there. But even 
this difficulty can be got over — has been got over, and 
we deem it so essential to be got over for the interests 
mentioned that even extra expense must not be 
grudged to avoid the danger we have referred to. 
The most obvious way to get over the difficulty is to 
have a subsidiary sewer down the back of the range 
of houses, into which all the sewers or drain tubes are 
led. This subsidiary sewer is carried on till a cross 
eewer is reached, when it joins the main sewer, or is 
laid down the cross street till the main drain in the 
principal road is met with, when the junction is 
made. In detached or semi-detached houses the 
difficulty is not so great, as the drains may be led 


along the back and round the ends to meet the main 
sewer in front street or roadway ; and in short blocks 
of bouses a sub-sewer or larger drain may be placed 
in the back yards, or gardens, or greens” as they 
are termed in Scotland, which should communicate 
with the street sewer, and which sub-sewer will 
receive the smaller drains directly from the back of 
the houses. In the flat system ” of building houses, 
so extensively used in Scotland, and, as will be seen 
from another section, the extension or introduction of 
which -into England is being strongly advocated by 
some, the danger of leading the diains through and 
under the houses is not so great, inasmuch as there 
is generally, or very frequently, a passage between 
the houses leading from the front to the back 
premises in which the drains may be laid. And as 
there are facilities for thoroughly ventilating the 
passage, as well as the drains, any escaping gases 
through defects in the drain (which defects should 
not, however, be now tolerated) can be swept away 
as soon as created. But in regular street houses, as 
often planned, there is no other way of carrying the 
back house sewage to the street save by passing 
through the houses; hence, to avoid this evil, the 
system has been advocated of having the main sewer 
placed at the back of the streets between the rows 
of houses. However carried out, or whatever be the 
plan adopted, it ought to he borne in mind that the 
more perfectly the drains are isolated, and the shoiier 
the lengths which may be near to or in contact with 
the houses, the more completely will the system of 
drainage approach the proper standard to be arrived 
at. Absolute isolation is impossible; hence the 
necessity to see all the precautions taken we have as 
yet hinted at, in order to have the drains themselves 
constructed as perfectly as they can be. 

Principal Points to be attended to in tbe Practical 
Construction of Drains. 

Having, in the preceding chapter, discussed the 
leading points connected with the first of the four 
divisions of the practical work to be done in connec- 
tion with house drainage — namely, that connected 
with the position or plan of the drains of a house 
or other building property, we now proceed to con- 
sider those points concerned with the practical con- 
struction of drains. To this, the most important 
division of the subject, we direct the earnest attention 
of the reader. 

In considering the points of material, shape or 
form, and of size or dimensions, in the thr^fold 
relation to house drains, it is necessary to note what 
are, or should be, the characteristics of a perfect 
drain, or as perfect a drain as can be obtained under 
the coi^mitant circumstances which characterise all 
work oTthis kind. What is necessary- to constitute 
what might be called the standard or gauge of per- 
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fection may be thus stated. First, a material sound 
enough to be durable, strong enough to resist all 
pressure, of whatever kind, to which it is likely to 
be subjected, and impervious or solid enough to retain 
within its bounds all liquid matter delivered to it — so 
as to prevent all passage of liquid from the interior 
of the drain to the soil in which it is constructed or 
laid ; further, the material must be such that when 
the separate parts constituting the drain as a whole 
are put together, its interior surface will be smooth 
and uniform, possessing a j)erfect freedom from all 
roughness or protuberating parts. The second point 
in the standaixi of perfection of a drain is, that its 
shape or sectional form shall be such as shall aid the 
rapid flow of the liquid along the drain, so that the 
maximum of length of flow will be seemed in the 
minimum of time. Third, that the size or dimensions 
be propoi tioned — at least, liear as close a relation as 
is possible in general practice —to the volume of liquid 
to be passed through the drain. Fouitli, that tho 
place or position of the drain in situ, or in the ground, 
shall be such that the flow of the liquid through it 
be accelerated as much os possible by the action of 
gravitation, — in other words, the laying of the drains. 
This point, which is obviously most closely connected 
with the two preceding points alreaily noticed, is 
obtained by giving the dizain througliout its lengtli a 
certain degree of inclination or declivity, this being 
teclmically termed tho “ fall of tlie drain. The fifth 
and last point of the standard of perfection in the 
construction of house drains is, that tho drains shall 
bo properly connected with the house, al\ junctions care- 
fully made, no matter whether those connections are 
in relation with one length of drain to another, or to 
the main or intercepting sewer, or to tho house or soil 
pipes leading from or connected with the points of 
delivery of liquid refuse in the house, such as the sink 
or slop-stone in the kitclion or scullery, the bath, or 
the water-closet. All these points in the standard 
of perfection in the construction and laying down 
of the di'ains come under what may be called the 
hydraulic depaiiment of the art of house drainage, 
being concerned with tho treatment of a liquid 
material in substance. The points connected with 
the treatment of the other product of house and 
trade refuse — namely, its gaseous emanations — come 
under the pneumatic department of the art, and will 
be named in a succeeding chapter. 

Praotioftl Points oonneoted with Drainage Vaterials used 
In Oonstmetion of Drains. 

Taking up the points in the standard of perfection 
of house drainage in the order in which we have 
named them in the preceding paragraph, that con- 
nected with the material of which the drains are 


formed will first engage our attention. For a long 
period, as we have already hinted at in preceding 
chapter, the points connected with this division of the 
subject, and also in relation to form or shape of the 
drain, which is so closely dependent upon the materials 
employed, the work of drainage was subjected to the 
most empirical rules — if this term can with truth be 
applied to a practice in which all rule seemed to be 
ignored, everything being left to tho caprice, generally 
to the grossest ignorance of principles at all based 
upon true science. Now, however, the department 
has been taken out of tho hands of men who trusted 
to rule-of-thumb practice, if they trusted to anything 
which could 1)0 called a fixed or definite practice at 
all, and it has been taken up by men of high scientific 
attainments. These have established a system based 
upon science, and this has been given such wide 
circulation, that if faults in house drainage practice 
are committed, they are at least perpetrated in 
defiance of all the indications of advanced science, 
which house drainage now is. But, great as have 
been the impiovemonts in the practice of the art of 
making house drains, our readers will, from what we 
have already said, have concluded that greater im- 
provements have yet to be made. While it is no less 
true that with a large body of those actually engaged 
in house construction, and necessarily concerned with 
its drainage, tho merest rudimentary knowledge of the 
true science of the art hjus as yet been tiiken up, and 
even this scanty knowledge is often most improperly 
applied, amongst others (let us hope, constituting 
a smaller and a daily decreasing class) even this 
rudimentary knowledge is absent, and they go on 
even yet perpetrating all the blunders and making 
in their practice continually those mistakes which 
have brought down such undeserved t)diura upon 
sanitation as a science, and specially of that depart- 
ment of it which is now engaging our attention. 

In describing, in a preceding chapter, tho two eras 
of tho history t)f house drainage, we stated generally 
that the latest em or system — namely, that in which 
the drains were closed or subterranean, and the great 
vehicle for tho removal of their contents, water — was 
characterised by two epochs of practice. First, that 
in which the drains were universally constructed of 
brick or stone ; and second, that (this being the ad- 
vanced practice of the present day) in which the 
house drains are either circular, elliptical or egg- 
shaped in section. Those drains are, in fact, tubes 
or pipes,’ and are made of earthenware hard burnt, 
and more or less glazed and smooth, both in their 
internal and external surfaces. These, now every- 
where known as “ di-ain tubes,” have, to a very large 
extent, superseded the old drains made of bricks, and 
greatly to the advantage of the drainage system. 
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THE WOBEHAN AS A TECHNICAL STITDENT. 

How TO Study, and What to Study, 

CHAPTER XV. 

In continuing our remarks on some points connected 
with the study of arithmetic, we say that it would 
be comparatively of no great moment if there were 
given the acquirement of a habit of doing complicated 
sums, which might have a brilliant effect at an exami- 
nation, and add to the ‘‘ results ” which “ passing 
standards” generally bring out. For the time is 
really wasted in so far as this, — tliat those compli- 
cated and apparently difficult sums to do, have in a 
vastly too great number of cases not the slightest con- 
nection with, or practical usefulness as bearing upon, 
the actual work by which the pupils have in after 
life to earn their living. This waste of time is bad 
enough, and it is practically nothing else than waste, 
as it leaves within a month or two after scliool is left 
a mere residuum of knowledge ; for we venture to say 
that this is the practical rc-iult of such work at school 
in a great majority of instances. But bad as this is, 
it is, as wo liave said, comparatively nothing to the 
more pernicious evil but too often attendant upon it. 
One would have little to say against the system which 
devotes days to getting pupils to execute brilliant per- 
formances with complicated figures, which, however 
little practical value they possessed so far as the pupil 
was concei’ned, were at least undei'stood thoroughly. 
But of how many of the unfortnruite pupils wdio 
are painfully crammed with such information it can 
bo said that they know the reason why ” they do 
certain things, let those sity who have had some prac- 
tii'al experience in teaching, or a knowledge of the 
condition in w hich pupils leave school, and that some 
time more or less considerable after they have left its 
teachings. 

Close Practical Bearing of Bemarks in the Preceding Para- 
graphs on the Snbject of Technical or Industrial Study. 

The closely practical beanng of all w^o have given 
in the preceding pai’agraplis on the actual work of 
the technical student will, w’e trust, be obvious. If in 
any degree we have shown how essential a thing it is to 
cultivate the habit of thinking what his work or study 
is, and of giving earnest attention to the application 
in all cases, however apparently simple, w’e shall be 
amply repaid for wluit trouble we have had in pre- 
senting the results of our observation to him, and for 
the anxiety we have that he should earnestly address 
himself to what is, in truth, the great work of his 
life, and upon which so mucli of its success depends. 
It is not that many are incapable of giving thought — 
that is not the difficulty to be met. The first thing with 
many is to become convinced of the fact that there is 
any good to be had by thinking at all. They seem to 
get on pretty well without it, and know many just as 


apparently lucky. The pretty well may not be 
disputed, but they scarcely ever deny that they know 
of many who do get on vastly better than they do, 
succeed remarkably well, and attain to positions of 
comfort — some of positive wealth and eminence — to 
which they confess they have not the slightest chance of 
attaining. They fail to see that it is primarily to their 
lack of thinking that this comparatively — it is often 
positively — poor position they occupy is due. It may 
be accepted as a rule, having but very few exceptions, 
that the men wdio have got on have been those who 
liave thought and, indeed, never cease to think, 1 
am not paid for thinking ! ” or something to the same 
effect, has not seldom been said to employers by their 
workmen. They unfortunately for themselves forget 
that it is just thinking which would pay them, 
whether as workmen or as employers of workmen. 
Indeed, of this workmen may rest assured, — that 
wdthout thinking, they will have but poor chances of 
becoiriing employers. And to this point we should at 
least have the ambition or desire to attain, even 
though the actual attainment may seem very likely to 
be exceedingly remote. It is at all events better to 
aim at high game, even should something less valuable 
be brought down. 

Thinkers and Workers- Theory and Practice. 

And here, as it will have a practical bearing 
upon our general subject, we shall in a sentence 
or two glance at what is often talked about, but 
not always understood clearly — namely, the position, 
the relative position, of thinkers and workers — that 
is, the men who plan and design work, and those 
Avlu) (!a.rjy out and realise in practice the plans and 
designs. The class of workers in point of numbers 
far outweighs in importance that of the thinkers, and 
this from tlio nature of things must be so, as it natu- 
rally requires the assistance of many more to carryout 
a plan or design than are required to conceive and 
prepare it. Thus one man can, and often does, 
design a machine or a structure, whicli to give prac- 
tical sliape and form to will demand the labour, and 
that possibly for a great length of time, of many work- 
men. The thinker and the worker may, of course, be 
combined in one man (indeed, not seldom are), and when 
the happy combination is met with, so also do we, as 
a rule, meet with one or other of those instances 
which Dr. Smiles has so graphically described in his 
well-known accounts of self-made men, in which the 
possessor has risen to the highest position in his pro- 
fession. But for many and very obvious reasons the 
thinkers and workers form distinct classes, and, as 
already stated, the latter vastly outnumber the former. 

Hitherto, as the rule, and indeed now to a very great 
extent, ^ere has been antagonism between the two 
classes w men. This with many of the workers is 
really more a matter of sentiment and feeling than of 
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positive dislike. But it has taken, and still not seldom 
takes position in the minds of many in the latter way, 
giving rise to actions on the part of the workers which 
have been very damaging to the material interests of 
the nation. Many of those so indulging have yet to 
learn, we fear, that it has been and is as damaging to 
themselves, individually much more so. Be this as 
it may, we should point out most earnestly that this 
antagonism between the thinkers and the workers 
should be sternly denounced, and its manifestations as 
decidedly put down when displayed. 

In place of their being antagonistic to each other, as 
many, unfortunately, think, tlicy are in reality bound 
up in the closest tie of a common interest. The one 
could not exist without the other. For it is only in ex- 
ceptionally extreme cases that the combination of the 
thinker, the designer, and the worker, the executor of 
the design, is met with in one man. And in this case, 
be it remembered, one man’s woik only can be done. 
And it is obvious that, if the designers were in all cases 
the executors, the amount of work done throughout the 
country would be reduced to a minimum. In nearly 
every case, then, the workers exceed of necessity the 
designers, and in those of constructions of great extent 
the workmen outnumber th em by hundreds. But the 
designers would thus be helpless in getting their plans 
carried out witliout the assistance of the workers, 
and the workers, on the other hand, would be helpless 
without the thinkers. For without the result of 
their thought in the plans from which they work, 
what could the workers do ? Tliey would necessarily 
be powerless to complete what special work happened 
to he required. 

We do not assert, what would in many instances be 
easily shown to be wrong, that amongst the workers 
there would not bo some who could design or carry out 
the plan of any work in question. These might and 
would be more or less numerous. But here again Ave 
come back to the same point we have started from ; 
for this woiker who liad the ability to design would 
wait in vain to see it realised in actual construction, 
if he failed to find the army, so to say, of workers 
required for the labours of execution. And of the 
great bulk of those it may be safely asserted, and 
without fear of contradiction, at least of refutation — 
for it is one thing to deny or contradict and another 
to refute — that the unskilled and ignorant vastly 
outnumber the skilled and the educated. It has 
ever been so, and unless human nature and the con- 
ditions of human existence greatly or wholly alter, 
it will over be so. 

And if there be any distinction to be made between 
the two classes, as to which is the more important, 
there cannot be any doubt in deciding that the 
thinker is more valuable than the worker; for the 
work could have no existence without the thouglit. 
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But, as we have said, the two are thoroughly depend- 
ent upon each other, and it is not only the absolute 
truth, but is the more wisely charitable mode of 
settling this question, to say that the one cannot exist 
without the other in all cases where the work to be 
done in carrying out a design requires the assistance 
of more than one man, who ought in himself to combine 
the ability to design with the skill to construct. And 
cases of this kind infinitely outweigh in number those 
in which the designers require only themselves or the 
help of but a few to have their plans completed. 

This antagonism as between the class of the 
thinkers and that of the workers has been carelessly 
and thoughtlessly fostered hy the action of certain 
of our public men. Indeed, looking at the higher 
and material interests involved, we should be inclined 
to use stronger terms than those implying want of 
cjire or thought. \Vc could point to not a few 
instances in which the rekition between the two great 
(classes we are now considering has been placed by 
public men in an altogether false light, — a light 
calculated to increase the dilllculties which exist, 
unfortunately for our true national interests, amongst 
us in relation to work and labour (using these terms 
as including both thinkers and workers, for both 
have in their i*espoctive spheres to work, and work 
earnestly). We remember on a somewhat celebrated 
occasion a great public speaker, wlio for purposes or 
aims which he himself could have l>ost explained, 
but which, however, he left io bo guessed at by 
his audience, iwlulged with glowing language in a 
splendid glorification of wliat the mere hands, the brute 
force or animal labour of the workers could do, and 
the general works which they executed. And in 
illustration he pointed with all duo oratorical cfTect to 
a fine piece of engineering work in tlie neighbourhood 
of the hall in which he spoke, as a striking example 
of the truth of his remarks, asking, with what he 
himself claimed to be a pardonable pride, where the 
wwk would have been Ixad not fho workers been 
there. But while this could not bo disputed as 
opposed to truth, it was not the whole truth ; indeed, 
strictly speaking, it was not the truth at all. There 
is in reality no such a thing as half truth : a thing 
can only bo couiplele when the wliole is considered; 
and, to quote a well-known illustration, the play of 
Hamlet is not the play in reality if the Dane bo left 
out. The illustration of the oration, complete as it 
was, gave a totally falsti, and, from the grander and 
higher poinj) of view, a fatal impression of the position 
as it actually was. He failed, and we fear purposely 
failed, to point out to his admiring audience that, 
while the labourers were highly to bo praised, the 
woi-k could not possibly have existed without the 
exercise of the thought of the designer of the splendid 
structure he so highly praised as being the work, 
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and the work only, of the mere labourers. And this 
'thought, be it remembered, did not originate and 
end only with the engineer or architect who planned 
or designed the structure. It permeated, so to say, 
throughout the whole work, down to the very lowest 
grade of actual labour done in carrying it out. From 
the architect or engineer to his assistants, from the 
resident engineer or clerk of works, from the foremen 
of each class of work, down to the ganger or over- 
looker of each class of labour, thought at every stage 
was observable. And if at any time that thought 
had been suspended, although exercised by a few 
in number, the mere labourers, the “ hewers of woed 
and drawers of water,” so to say, might have thrown 
down their implements and tools in despair, for 
they would have found without the directing ‘‘ heads ” 
that their “ hands ” were in helpless impotency. Let 
tlio reader, to wljatever class he belongs, rest assured 
that ns in his own existence as an individual, in which 
both physical and mental faculties and capabilities 
are ever prasent, so in the “body politic and social,” 
the hand cannot say to the head, “ Of what use art 
thou without me ?” nor can the head say to the 
hand, “I do not need thy help.” Very powerless 
and useless would the one be without the other; 
as powerless would our workers and our thinkers. 
Those considenitions, and others which flow naturally 
and inevitably from them, are not, as some of our 
readers may conceive, foreign to the subject of 
our paper. On the contrary, they have the closest 
beai'ing upon it, as will bo readily enough perceived 
if thou gilt be given to it. And it is precisely 
the giving or the not giving of “ thought ” to work 
which constitutes the difference between the suc- 
cessful technical student and him who is but a 
stuck nb in name, and not in eficcLive and useful work. 
I^et the reader think this carefully out, and he will 
see the full force of wliat is liero stutecl. We return, 
after this pracjtically useful digression, to our subject. 

Foregoing Considerations applicable to all Branobes of 
Technioal Stndy.—Arithmetieal Studies. 

The principle we have enunciated as to careful 
thought being given to reading as a branch of: study 
applies to every department of it in which the 
technicfil student may be interested, and without its 
strictly-carried -out enforcement such study will bear 
little — indeed, no practical fruit. It applies, there- 
fore, to what is considered to be only an elementary, 
and too often lightly-thought-of branch of education, 
such ns reading and arithmetic. We have dwelt 
upon the all-important matter of thoughtful reading ; 
we have said something also of its application to 
the other elementary or primary part of education 
— arithmetic. We have still something to say con- 
cerning this, and more particularly as to its bearing 
upon the advanced work of mathematics, which 


are of essential service to all branches of technical 
work in which the mechanics of construction are 
involved. If reading ought to be conducted with 
thoughtful care, so that each step taken in it be so 
thoroughly understood that sure ground, so to phrase 
it, will be obtained for the making of further and sure 
progress, it is not of less but in another sense of 
much greater importance in l;he study of arithmetic. 
It is, we admit, quite possible for arithmetic to be 
learned in such a way that a pupil will leave the 
school or class with a capability of doing certain 
“ sums,” as they are called, and some of them even of 
an elaborate or complicated character, and yet have 
not the slightest intellectual conception of what the 
work really is. “ Learning ” in thLs sense is but a 
name only, and that it comprises all that constitutes 
the knowledge of a vast number of pupils is but too 
well known to those who have had much to do with 
school and class work. The rules can bo said or 
repeated glibly or readily enough, examples can bo 
made out with all due facility; but what the rule is, 
what is its exact meaning, how it gives life, so to say, 
to the work based on it, the pupil has, hut too fre- 
quently no conception of. Just as ho may have 
“ learned ” by heart a grammatical rule and all 
its examples, and can repeat them with unfailing 
accuracy, yet knowing no true connection between 
the rule and the example, there has been no learning 
by the intellect. Tliis has not as yet got so promi- 
nent a place in the technical language of teaching as 
the every where-known expression, “learning by heart.” 
And yet it is only the learning by intellect that consti- 
tutes true learning. It is scarcely necessary, therefore, 
to say tliat the reader, anxious to make a knowledge 
of tho higher branches of mental sciences, such as 
mathematics, practically useful to him in his daily 
work, must thoroughly — that is, intellectually — under- 
stand all the rules of arithmetic. Each one must 
bo so understood before a succeeding one is taken up ; 
for each depends upon the other, and the whole 
constitute tho very basis of higher work in tliis class 
of mathematics. But sometliing more than under- 
standing the rules is required. The utmost care is 
demanded in the practical working of them out, so 
that no single element in the combination is left out. 
In no sciences is the value of “ little things ” more 
clearly sliown than in those of arithmetic and mathe- 
matics. The omission of the veriest trifle vitiates and 
destroys tho accuracy and value of the whole. Each 
computation or calculation may be regarded as a chain, 
of which if but a link is wanting, the chain for all 
practical purposes is useless. It does not, in fact, 
exist ; for a chain is really so only when all its links are 
complete. And its strength lies really in its weakest 
part. • the chain of arithmetical computations or of 
mathematical calculations there must be no weak parts. 
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THE PAEMEB AS A TECHNICAL W0SE3IAN. 

His Tools, Implements, Machines and Materials. 

-—The Principles of his Work in its Various 

Departments. 

CHACTER XI. 

In treating of the classification of soils, we referred 
at conclusion of last chapter to the variety of soils 
met with in tha range even of veiy limited districts. 
But still more decided, and still more puzzling to 
the scientific agriculturist as introducing disturbing 
elements in his calculation, is the diversity of soil 
even in one field, and this often in cases where the 
field may be of comparatively, not seldom of abso- 
lutely limited extent. And as dififerent soils require 
different treatment, both mechanically and chemiciilly 
or manurially, as each class differs in its physical 
and its chemical characteristics, the reader will per- 
ceive with what disturbing elements the practical 
farmer and the scientific agriculturist may have to 
deal, even in a farm of but limited extent, but in 
which diversities of soil are met with. 

In taking up the points connected with the soil 
we shall consider it in the following twofold aspect. 
First, as being a medium in which plants can be 
grown, and a vehicle by which the fertilising con- 
stituents on which their development depends is 
conveyed to them ; the fertilising constituents hero 
referred to being supposed to be present first natu- 
rally in the soil, or secondly, given to it by the addition 
of manurial substances, or thirdly, those fertilisers 
which are obtained through the medium of what aro 
known as the atmospheric influences. Thus, the first 
aspect in which we shall view the soil is that wliich 
includes all points bearing upon its physical or 
mechanical condition, and those operations of farming 
by which that condition is influenced, changed or 
modified in character. The second aspect or point of 
view from which wo shall consider the soil is that of a 
medium in which there is stored up, so to say, or there 
are present in it, in varying number and quality^ 
those constituents which, when taken up by the plants, 
fertilise them and aid their development. Tliis, the 
second aspect, is that which includes all points 
bearing upon the chemistry of the soil and of the 
plants which grow upon it. 

Taking up, then, the first of these aspects of soil, 
considered as a medium in which plants can be grown, 
and as a vehicle by which their fertilisers are con- 
veyed to them, we come at once to the physical or 
mechanical condition best suited to give the plants 
the highest chance of production or fruitful develop- 
ment. At first sight it may not be easily understood 
by our readers how the mere condition in which the 
soil is can exercise any influence upon the way in 
which the plants can be fertilised ; or in other words, 
and in the converse, how the mere mechanical con- 


dition in which it is exercises an important influence 
upon its fertility. Suffice it here for the present to 
say that the difiference — tlie mechanical, the physical 
— between two soils is often that which constitutes 
the difference between their agi-icultural value, that is» 
their crop- bearing value. This mechanical condition 
desiderated is indicated by the fineness with which the 
soil is worked, pulverised, or comminuted, or, to use 
the technical expres.sion, by the fineness of its 
“tilth.” Two soils have been carefully analysed, 
and shown to bo of the same value, and yet there 
was a marked difference between thorn in the fer- 
tilising, that is, agricultural value ; the better of the 
two in this respect owing its increased value simply 
to its mechanical condition, this being fairly pulver- 
ised — that is, in technical language, well worked and 
weathered. A well opened up and finely pulverised 
soil not only admits of the atmospheric influences 
acting most favourably upon its pulverised mass, but 
its temperature is higher than when it is allowed to 
remain in a condition opposite to this — that is, close and 
impervious. The difference in temperature between 
two soils may often, indeed, bo made evident by the 
mere handling of them. A light soil well pulverised 
will feel warm, yet moist ; a heavy soil unworkod will 
be cold and dry ; and the mere mechanical condition 
wdll be still more easily noticed — the one being 
friable, easily crumbled by the pressure of the 
hand, the other hard, tenacious, and adhesive. It 
takes but a very trifling knowledge of the habits of 
plants to enable one to decide that there must bo a 
great diflerence in their growth and development in 
the two soils, one being so much better fitted to aid 
this than the other. And this difference in tempera- 
ture — the higher temperature being obviously more 
favourable to plant development than the lower — is 
not dependent upon the absolute amount of tvater or 
moisture whicli the soils carry or (contain in their* 
bulk. For a heavy clay, which will take up and 
retain a much greater volume of water thon a lighter 
soil, will be the first, nevertheless, to suffer from 
drought ; while the lighter one, the best worked soil, 
will be the moister in a season of great dryness. 
When we come to the practical working of soils we 
shall see bow these general results are- obtained, 
and what are the influences w^hich modify them 
more or less. 

Special Featorec of Soili in Belatian to Plants. 

Meanwhile we proceecl to notice the other special 
points' or features of soils. All plants are made up 
of two parts, called the organic and inorganic. The 
organic part is also known os the combustible ; being 
capable, either by the agency of active fire, or by the 
slower, yet in time equally effective natural combus- 
tion, of oxygenation and decay, of being resolved into 
its original elements and wholly disappeaiing. The 
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inorganic parts of all plants, otherwise named the 
mineral constituents or elements, are found pre- 
sent in wliat is called the asli of the plant, left 
after the organic elements are consumed or burned. 
The ash of a plant is thus also called the incombus- 
tible constituents. 

The ash or the mineral or inorganic or incombustible 
constituents bears a very small proportion indeed to 
the organic or combustible elements of the plant. 
Thus, in the cereal or grain crops of the farm, we 
find that in 100 lb. of wheat grain there is only 
1*6 lb. of ash or inorganic substances — almost the 
whole of the weight or bulk being taken up by the 
organic or combustible elements of the plant. It will 
1)0 useful here to note the proportions of ash or in- 
organic to the organic elements of the leading crops 
of the farm. Thus, in 100 lb. of the grain of barley 
there are only 2*34 lb., in oats 2*90, rye 1*36 ; Indian 
corn or maize” — or simply ‘‘corn,” as it is invariably 
called in the United States, where it is a very import- 
ant crop — has the highest percentage of ash, showing 
4*40 lb. for each 100 lb. of the plant. While the 
above shows the proportion of ash cr inorganic con- 
stituents to the organic in the grains cf the cereals, 
the following shows the pereeniago in the strands. 
Thus, in 100 lb. of wdieat straw there are 5*10 lb. of 
ash, in 100 11). of barley straw 5 36 lb., 100 lb. of 
oat straw give 5*10 lb. of ash. Bye straw yields 
4*10, and Indian corn 4*40 lb. 

Taking now the leguminous plants of the farm, 
by which names beans, pease, vetches and lentils are 
known, we find that 100 lb. of beans yield 4 lb. of ash, 
pease 3 00, vetches 2*40, lentils 2*06. Of the plants 
<*hiefly grown for industrial or trade purposes, as 
llax for its fibre and for its seed (known as linseed or 
lintseed), the following show the proportions of ash 
in 100 lb. of the plant or fibre and of the seed re- 
spectively. Thus, 100 lb. of flax plant yield 6 05 of 
ash, of linseed 4*63; hemp plant or fibre 6*37, and 
hemp seed 5*60. 

Coming now to the “ root crops ” — by which name, 
as also sometimas by that of green crops,” the 
turnips, mang^ld-wurtzel, carrots and potatoes are 
known — we find in 100 lb. of turnips, bulbs or roots, 
0*78 lb., in mangold bulbs 0*88, carrots (roots) 
0*91, potatoes 0*76, Jorusiilom artichokes (a valuable 
feeding crop, not nearly so extensively cultivated as 
they ought to bo) 6 lb. of ash. 

The “ ash ” of plants in the inorganic constituents 
varies, as may be supposed, or is itself made up of 
various constituents, which are all derived from the 
soil. This fact is in measure indicated by the name 
‘ mineral” constituents, by which they are frequently 
distinguished. These mineral constituents are present 
in soils in varying qualities and number ; some soils 
have some elements in excess, some are deficient, while 


others are almost totally deprived of them. The 
mineral constituents present in soils are chiefly silica, 
iron, lime, magnesia, potash, soda, phosphoric, sul- 
phuric and carbonic acids, and the chlorides of 
sodium and potassium. Those constituents vary 
with different plants, both in number and in the per- 
centage they bear to the whole plant ; thus the farm 
crops are often distinguishod in agi*icultural science 
according to the mineral constituent they chiefly take 
from the soil — as a silica plant, a lime plant, and the 
like. But the mineral constituents required, so to 
say, by the plant must be present in the soil, or, if 
absent, must be added to it in the form of manure. 
But they may be present in the soil, and in sufficient 
abundance for the necessities of the plant, and yet, 
from the circumstances of soil condition or prepara- 
tion, or of plant culture, the plants may not readily 
assimilate or take up, or may not be able to reach the 
supply of minoml constituents in the soil. When we 
come to the specific points in the practiwil wwking of 
the soil and its treatment in manuring, wo shall see 
how this results. Meanwhile, as bearing closely upon 
the subject of soils in relation to crops and cropping, 
*we here, as indicative of the variety of mineral con- 
stituents present in soils, and how much they are 
drawn upon by the plants grown in or upon them, 
have prepared the following table, showing the pro- 
portion of constituents which the produce of difierent 
crops per acre withdraw from the soil. In reading 
the table the i*cader will please to note that the per- 
centage of constituents withdrawn from the soil by 
the different crops are estimated from the following 
data. In the wise of the wheat (1), tsiking the crop or 
yield per acre at 25 bushels, and the weight of the 
grain per bushel at 60 lb., we have 1500 lb. of 
grain per acre. Calculating the weight of the straw 
of this amount of grain at twice its weight, or 3000 lb., 
taking also the percentage of ash in the grain at 
2 per cent., wo have 30 lb. for the weight of its ash ; 
and taking the percentage of ash of the straw at 6 
per cent., we have 180 lb. : in all, grain ash 30, straw 
ash 180 = 210 lb, of ash carried off by the whole 
crop, and which is made up as we seo in the table. 
In the case of the barley crop (2) w’e have 213*3 lb. 
of ash to deal with, carried off by the crop estimated 
at 48 bushels at 55 lb. per bushel ; the grain weighing 
2640, the straw 3300 lb. In the case of the oat (3) 
wo have 198*9 lb. of ash to deal with, taken off by the 
crop of 48 bushels per acre at 42 lb. to the bushel, giving 
of grain 2016 lb., and of straw 3024 lb. In the case of 
the Indian corn (4) we have 167*5 lb. of ash to deal 
with, derived from 2280 lb. of grain per acre, 025 lb. 
of pith of the cob or head, 2449 lb. in straw and leaves. 
The aj^yses of the other crops named in the table, 
such M rye, beans, etc., show the percentage of each 
constituent in 100 parts of the crop, plant or seed. 
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— 

11*67 

0-.31 
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7*82 
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— 
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— 

— 
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— 
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— 

— 
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Belation of Plants to the Fertilising Constituents in 
the Soil. 

From what we have thus given on the subject of 
plants containing mineral or ash constituents, and 
deriving these from the soil — this latter being con- 
sidered simply as existing in its natural condition, 
and not as having anything added to it artificially 
by the labour of man — it will be seen that two very 
important points arise in connection with the general 
subject of soils and their treatment in relation to the 
crops grown upon them. Those points which we 
shall now take up are, first, seeing that the plants 
have, as it were, special wants for mineral constituents, 
and that each crop takes up and carries away with 
it BO many of those constituents, each special plant 
necessity, so to say, taking away only certain special 
constituents. There must, therefore, be a close and 
special relation of the plants to the constituents 
present in the soil, and this somehow must have 
an influence upon plant culture. And the second 
point we have alluded to arises out of tliis relationship, 
and closely concerns the plants, in so far as their 
supply of this food derived from the soil is con- 
cerned. For if, as we have seen is the case, plants 
draw largely from the soil certain fertilising con- 
stituents, if a succession of crops be taken from the 
soil, each crop taking away from it so much of its 
own contained and original supply, it is a possible 
thing that a soil may be so di-awn upon that its 
constituents — plant-food — may in time become ex- 
hausted, or practically so, so that the crops borne by it 
will be poor compared to what they would be if they 
had abundance of food in the soil. This laj^ point 
brings us face to face with one of the most important 
questions connected with our soils, and which has, 
in the various scientific points which it presents, 
exercised to. a great extent the minds of the majority 
of our agricultural writers in times but recently gone 
by, and is still to a large extent engaging their 
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attention. Tliis is the question of the exhaustion of 
our soils. The keenness with which its various points 
were discussed arose largely from the wide circula- 
tion given to the views of the celebrated German 
agricultural chemist, Baron Liebig. It is in no way 
prejudging the case to say that those views were 
extreme; and although they were advocated with 
all the literary ability, and backed with all the 
profound scientific knowledge of the great chemist — 
for he was in every sense this — we think he omitted 
to take into account, or at least to give them all 
the weight which they undoubtedly deserved — the 
influences and circumstances which greatly modified 
the deductions he drew from his investigations and 
researches. Baron Liebig held that the system of 
modern cultivation — and specially note- and blame- 
worthy in this respect British farming — was eminently 
suicidal in its practice. While we had only a certain 
store, so to say, of fertilising constituents present 
in our soils, wo were by our mcthoils of cropping 
drawing from it cotitinually, and if putting anything 
bock to it by way of restoration, put practically so 
little that it merely retarded, but did not finally put 
off the evil day when we should find that we had a 
soil, but one so exhausted of its fertilising constituents 
that the crops we grew upon it would be so poor that 
we should find them practically of no value, 

ICineral ConititnentB of Plants in the Soil. 

We have said that all soils contain the ash or 
mineral constituents of all plants ; but that they do 
not contain them all in equal quantities. But even 
if they all ’ possessed the whole of the constituents 
necessfiry for plant development, and all in sufficient 
quantity to serve the plants gi'own upon it at the first 
beginning of the time when they were put under 
cropping, Liebig was quite correct in saying that 
a continuity of cropping must necessarily result in 
depriving the soil in course of time of all its fertilising 
constituents. 
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THE MACHINE MAKER OR GENERAL MACHINIST. 


THE UACHIHE HAOB OE OEHEEAL 
HACHIHIST. 

Special Examples of his Wobk — Its Lkadiko Tech- 
nical Peinciples and Details. 


CHAPTER VIII. 

We alluded at end of last chapter to the views so 
long held by practical machinists as to the materials 
they used in the construction of their machines, and 
the ignorance of many as to what the properties of 
these really were ; but in continuation we have to sjiy 
that this indeed was just one of the great advantages 
which resulted from the practice — which as time passed 
became more and more widely spread — of testing mate- 
rials in order to obtain data by which their strength 
could be ascertained with some degree at least of ap- 
pi’oximativo accuracy ; namely, that it drew attention 
to the fact that while the users of machine construction 
materials of which the chief was iron ac.ted practically 
upon the belief that all were of the same constructive 
value, the makers had the fact forced upon their 
attention that some of them at least had themselves 
no idea of what they were making. It might be — but 
too often was — of bad or indifferent constructive value; 
or it might be very good, which was often the case; 
but certain on one point in either case they were not. 
So that practically it came to this, that they had to sell 
to their customers what the materials they employed 
and the appliances they used gave them. What the 
processes were in reality some might guess at — many 
did not take the trouble to do this even — but few, if 
any, in the early times knew. 

The result of all this new life of inquiry or 
investigation and experiment was that makers — iron 
masters, for example, — who were conscientiously 
desirous to give their customers the best materials 
they could purchase, so soon as it was clear by a wide, 
or pretty wide, range of experimental truths that 
materials varied very much, ])egan to pay the closest 
attention to the piocesses by wliich they were pro- 
duced. And the result of this honest determination 
showed -to use a word which, however, gives the 
lowest view of the matter — that its policy was sound. 
For those materials marked with or known by a 
particular “ brand ” took the market as the best, 
and for them the best prices were obtained. We 
may thus see the interdependence of one branch 
of industry upon another ; and how the improved 
practice of one compelled or brought about that of 
another; forming the introduction of a new era, in 
which science gave its help to practice, while at 
the same time it did not consider it beneath its 
** dignity ” to learn lessons from practice itself. We 
find thus that vast improvement in all the branches 
of constructive work took place, of which the nation 
is now reaping the immense advantages, and of 


certain of which, being those most directly interesting 
to our readers, many of the pages of the present work 
give a more or less detailed, but always practically 
useful, account. 

Machine Science. <— The Science of Modem Mechanical Work. 

All this, which has been but biiofly glanced at, 
space not being in our possession to give its details, all 
of which are however of the highest suggestive interest, 
led iii time to the formation of what may be called the 
modern science of mechanics ; or, more simply stated, 
matihine science. Space does not permit us to enter 
into any detailed statement of the directions in which 
science, considered in its purely theoretical aspects, 
Las been of late years working ; and wliat has been 
effected in the way to which we have but just alluded, 
in raising, not merely the practical, but the theoreti- 
cal status of nejirly eveiy brancli of industrial art, 
more especially that of machine making. And this 
may with almost absolute truth be said to bo the 
basis upon which all other industrial work is carried 
on, seeing that tliere are but few branches, if indeed 
there be one, which does not demand machines, or at 
legist mechanical appliances, for the performance of 
its work. And however simple these may appear in 
some of the least imjx)rtant of our industrial arts, 
it is beyond dispute that, to give thorn the highest 
economical working value, the application of prin- 
ciples truly scientific is essential. For it is not, as 
some technical readers seem to think, that the largest 
and most im{>osing of our machines, or the most 
complicated of mechanical appliances, are thos€5 only 
which embody or demand for their design or construc- 
tion the application of the highest range of scientific 
principles. A small machine may be a more re- 
markable illustration of the value of those principles, 
themselves based on natural laws or phenomena, 
than one vastly more ponderous, bulky, and in detail 
complicated. In this statement there is a principle 
involved of vital interest to the working machinist, 
which principle, along with others, will be explained 
in paragraphs to which we sliall presently direct the 
attention of our readers, and which will concern them- 
selves with some points to bo considered by the working 
machinist as essentially vital to thorough success in 
his practical career as a designer and a maker of the 
wide variety of machines and mechanical appliances 
demanded by the still wider variety of industrial arts 
practised in this kingdom and in other countries. 

If we take tlie wide variety of machines now in daily 
use, and especially if we direct our attention to those 
which, in certain important branches of our industrial 
arts^ such as those of the textile manufactures (see 
th^eries of papers entitled “The Factory Worker*’), 
have been designed for the express purpose of not 
merely supplementing, but of doing away with to 
as complete an extent as is practically possible 
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with the necesHifcy of employing human or manual 
labour ; we see in them such a variety of parts 
and such a complication of movements that at 
first sight, by one not practically connected with the 
work; it would be taken for granted that it would 
take, so to say, a lifetime to understand them, 
numerous and coinplicjated as they are. But by 
observation and patient labour it would be discovered 
that certain parts and movements, however numerous 
in themselves, would fall under or be classified as con- 
stituting definite groups, other parts and movements 
falling under other groups, each group or class having 
definite characteristics marking it ott* sharply from 
its neighbour. The close observer would, moreover, 
perceive that in the linking together, so to say, of 
the mechanical connection of one group or member of 
a group with another, whicli constitutes a working 
machine, there was what might be called an over- 
lapping in some instances of one group with another. 

What we have here supposed to have been done by 
a close observer will, when the reader thinks of it, 
have constituted a great advance towaids the forma- 
tion of a science for machinery. All practical or 
inductive sciences are based first on the observation 
of and search for a wide variety of facts as they 
exist around us, of which, after accumulating a large 
number — and the larger the better — we find that we 
can reduce their apparently endless number, and re- 
concile what appears to be theii* conflicting and contra- 
dictory elements. Thus by classification or grouping 
we have made an important advance towards con- 
stituting a science of mechanism. Looking, indeed, 
at the meaning of the term hero italicised, which 
involves the ‘‘knowing” of a thing, and as by this 
observation, classification, and grouping, we become 
acquainted with their peculiarities and characteristic 
differences — in common language, know them — it may 
be said that thus a science is practically founded. We 
may not know at first start much about each, but 
we have made a most practical advance towards 
obtaining a thorough knowledge of them when we 
have classified or reduced them into “order.” For 
this alone gives a power of dealing in detail which is 
never possessed by him who takes up a confused 
heterogenous mass of materials which in their mei-e 
numbers are perplexing and thus jire calculated to 
deter from rather than incite to the closer investiga- 
tion of each which alone can give a true knowledge of 
what the whole of the objects ai’e. 

Valae of Obierving Paots and Grouping or Clafiiiying them 
to the Practical Maohiniit. 

We have supposed this preliminary work of closely 
observing and thereafter of grouping or classifying 
the parts and movements of machines to have been 
readily gone through by the observer, thus making 
the advance towards the formation of a science of 


machines, or “miichine science,” an easy matter 
comparatively. But in looking upon the past history 
of practical machinery and mechanics, it is essential 
for the reader to know that this work was so far from 
being readily done, was a matter of such slow growth, 
that it may be said to have l)een spread over a period, 
if not of centuries, at least of many generations. At 
all events, so long was it befoi*e the advance was made 
towards the formation of a science of machines, such 
as we have supposed the close observer making so 
readily and easily, that machine science is literally 
quite a now thing, a matter as but of a yesterday in 
the history of a people. Author after author took up 
the subject of what is generally termed “ mechanics ” 
under titles for long more or less fanciful, some so much 
so that the title gave little or no indication of what 
the book actually cojitained, or was concealed in the 
terms of a dead language, and as little likely to Ix^ 
then known to or by the “base mechanics” of the 
period as to the “intelligent artisiin” of our. own 
day. Those authors described what some would oddly 
call “ no end ” of machines — possible, and, as we have 
already said, impossible also; but in them all the 
same characteristic of prolonged and copiously detailed 
descriptions of part after part wiis observable. And if a 
book contained — as many books of those times did con- 
tain — a great number of illustrations of machines, as 
each machine had a number of parts, greater or fewer 
as the case might be — in all pretty numerous, — and 
further, as each part in eacli machine had to be described 
separately, som^' idea of the hard reading such works 
gave to those who took them up with an honest inten- 
tion to peruse them, may be formed. But this was not 
all, nor, indeed, was it the point of the matter. For, 
so far from having any idea that there wjus a possi- 
bility, to say the least of it, of classifying the various 
parts of machines under diflerent groups, the parts of 
the machines had no distinctive names such as we now 
know them by, and are given to them. Further, and 
as giving rise to a still greater complexity and a wider 
distance from a system or science, the very machines 
themselves had no distinctive names. Thus, as Pro- 
fessor Kennedy, in the very able and truly interesting, 
while practically suggestive paper, read before the 
Society of Arts, points out, if the machine described 
was what we call a “ pump,” it was gravely designated 
by those early authors as a “machine to lift water 
from a well by means of a man,” or it might be cjdled 
a “ machine to lift water fi*om a well by means of a 
water-wheel.” As no definite name was given to a 
machine which had a definite purpose, each machine 
had to be named in long and roundabout terms, 
which weio repeated again and again as often as the 
machine or a like machine had to be described. A 
crane or winch to niise a weight would be described 
under a diflerent title, according as the object was to 
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elevate a weight, such as a stone, from the ground to 
the upper part of a building, or to raise a bucket full 
of coals from the bottom of a mine shaft — the object 
or purpose being generally part of the title. Titles, 
in all cases thus long, were often made much longen 
and sometimes still more unintelligible — ^in others pur- 
posely obscure — by the introduction of grandiloquent 
words and phrases, giving that savour or flavour of the 
^‘marvellous'' which we have seen to be so attractive 
to the early mechanical writers. 

If, then, the machines themselves have not been 
classified or thrown into groups, to each of which the 
distinctive name once given was always thenceforth used, 
it need not be wondered at that the parts themselves 
of the machines were practically in the same condition 
of hopeless entanglement and confusion. Hence, no 
matter how frequently and fully the same part had 
been described before, it was described as fully 
wherever it made its opj)earance ; and this on terms 
as scrupulously minute and detailed as if it had 
never been met with before, never before introduced 
to the notice of the reader. It is certainly difficult to 
conceive that those early writers in mechanics had 
failed to perceive that, as a machine was but an 
aggregation of parts, those parts would be again 
repeated as performing the same office, and might 
therefore very naturally be classed and thereafter 
always considered and treated of as coming invariably 
under one group. Nevertheless they failed to per- 
ceive it, or if they did take note of it, it in no wise 
influenced their system, if such a name can be given 
to a style of mechanical description which had none 
of the elements of a true system. Mechanical trea- 
tises of the early times only deserved the name in so 
far as they described machines ; and this description 
being in no way based upon any intelligent system, 
was made up of a vain and endless repetition. And 
simple and effective for all the purposes of mechanical 
description and exposition as is the system we are now 
possessed of, for not only classifying the movements of 
machines under their own special and well-defined 
groups, but for giving and in all cases retaining 
definite names to definite parts, as a crank," a 
“connecting-rod," a “cross head," a “lying" or 
“ line shaft," a “ clutch," a “ pedestal," and so on, — 
it took, as we have seen, many, many years for such a 
system to be discovered and established. Such practical 
points as are of necessity involved in this system, 
which generally may be called Machine Science, are 
met with in the full consideration of the subject. 

Special Points suggested by the Considerations named in tbe 
Preceding Paragraphs. 

The point here alluded to is one which carries with 
it considerations of the utmost practical value to the 
machinist who is either beginning or is 8 tud 3 dng with 


a view to begin bis actual practice or businees of 
machine making — taking the last term to include here 
the branch of design as well This special lesson or 
suggestive point, derived from a study of what con- 
stituted the features of the conditions in which the 
early machinists did their work, is this : That in order 
to make the progress, or, as we may put it in another 
way, to taljfe the position they did, and to do the work 
which they actually produced, and which in its 
advanced stage formed the basis of our modern art 
of machine making, the early machinists brought to 
bear not one quality, but many qualities, which to- 
gether constituted that mental power which enabled 
them to overcome difficulties and sweep away obstacles 
to progress which, when we look at them with all the 
knowledge we now possess, might well have been 
deemed by the early workers so insupemble as to 
have justified their giving up all attempts completely 
to overcome them as hopeless. And this is a very 
curious thing to consider : That while the early 
machinists not only overcame those difficulties which 
may be called the primary ones, or those which at first 
met them as they entered on tbe path of progress, 
each successful step forward was not the completion 
of their work, but in reality — and a very grim and 
grave reality it was to them — it but created another 
difficulty, which in time they had to overcome. So 
that it was long before they could say they had reached 
that point in the history of tbe art at which a true 
basis for its future bad been established. 

What the various qualities were which the early 
machinists brought to bear upon tbe great task they 
bad to perform need not be named specifically in 
order here. They will best be pointed out and given 
special place to in the consideration of various points 
connected, and that in the closest of ways, with the 
practical education and training of “Tbe Machine 
Maker or the General Machinist," which we may 
perhaps yet find space to present to our readers. In 
using this term it must be distinctly understood that 
by it we mean the machinist who is practically engaged 
in the eveiyday duties of what is called the “ trade," 
— in other words, the man who “ has to work to live, 
and who to live has to work." This does not, however, 
exclude the technical reader who is learning what 
machine science is, for the render may be a student 
and yet actually working at the bench or the lathe — 
“at work by day, at books by night." But the 
meaning we attach to the term machine maker or 
general machinist does exclude the reader who is only 
a student — this and nothing more. For, let it here 
be noted, that there is a tendency on the part of the 
mex^ student to look upon his course of study as 
ending only, and to decide that it ought legitimately 
to end only, in knowing its various details. 
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THE 7ACT0BT OB MUL HAVl) AS A 
TECHNICAL WOBKEB. 

The Obcjaitisation, Geneeal Duties, and Speoial 
W oBK OP THE Staff op Faotobibs pob the Pboduo- 
TiON OF Spun and Woven Goods— that is, “Tabn” 
AND Cloth ’’—AND those chiefly in Cotton and 
Wool. — General Description op the Vabious Pro- 
cesses OP Manufacture. 

CHAPTER XVI. 

Ulttttration and Beioription of the Hole Spinning Haohine. 

By way of a substitute for this actual inspection of 
the machine itself, we give here an illustration of the 
hand mule ” with a further detailed description. 
The ‘‘ mule (fig. 13) consists of two principal parts ; a 
frame bolding the drawing rollers, b, and a ciirriage, c, 


the complete twisting required. This twisting is 
called first twisting and second twisting, and is done 
whilst the carriage is at a standstill, and not whilst it 
is in motion, in order to continue a slight stretching ; 
and it is attained by making the carriage move faster 
than the front stretching rollers revolve. When this 
twisting is finished the spinner pushes the carriage 
to the stretcher at a suitable rate, and the length of 
yam is taken up — z.e., wound on the spindle. In 
order that the yarn, as it is wound on the spindle of 
the carriage, should form a spool rounded at the end, 
the spinner presses down with a wire, called the 
faller ” wire, a number of the threads. This wire is 
situated in the bend of the arm c rf, and another wire 
prevents the threads being pressed down too much. 



Fig. 19. 


which runs forwards and backwards on iron rails and The moving and standing still of the drawing rollers 
carries the spindles and the machineiy connected with is caused by the forward or backward moving of the 
their working. The rovings a, a, as before remarked, shaft a, and the pushing forward of the carriage is 
pass through the stretcher B, and are attached to the caused by two wheels i and q situated on the same 
ends of the spindles b. At the beginning the carriage shaft. The wheel i revolves at the same rate as the 
is drawn in and the spindles are near to the stretching axle, but q is made to revolve more slowly, by the 
rollers. As the latter begin to revolve, the carriage bevelled wheels a and r. When the carriage has 
is drawn away, so that after the rovings have been advanced two-thirds of its distance the shaft t is lowered 
drawn out eight to ten times their original length, by an arrangement, and i is dLsconnected and s comes 
they are kept stretched and by the spindle revolving into work. The wheel y, whose shaft carries the disc «, 
at the same time they receive a part of their twisting, remains in connection with the wheel y\ In this way 
When the carriage arrives at a distance of about the stretcher is stopped, and for the last third of the 
1*6 mdtre from the stretcher, the rollers stop at once J.* 'tance that the carriage travels a stretching on that 
of their own accord, but the spindle still continues to length of the thread and a continued twisting are 
revolve for a short time, in order to give the rovings produced. The turning of the spindle is caused by a 
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band pasBing round the drum h and the ring I, The 
movement of the drum and wheels in the carriage, 
during the moving of the carriage itself, is caused by 
the aide m, which receives its motion from the endless 
band n ; for the twisting of the yarn the wheels p 
and the handle o serve. A mule of this description 
has 100, 200, or 300, and even more spindles. For 
100 or 200 spindles they are made single, but for 300 
they are made double : t.e., the arrangement of wheels 
for conveying the motion is put in the middle, which 
lessens the manual labour, so that one spinner can 
look after two such machines. 

Of the many improvements in the mule, the one 
made by Koberts of Manchester in the year 1825 is 
the most important. This invention was the ‘‘self- 
acting mule.’* Whereas in the ordinary or hand mule 
above described the retiring of the carriage and the 
winding of the yarn are caused by turning the handles 
on a flywheel by hand, this in Roberts’ machine takes 
place through a special arrangement. This can be seen 
in fig. 14. The straps on vx are put on to the wheels 
IV and lOf and by means of t fastened to u, and the 
motion is carried by a wheel placed underneath and 
several toothed wheels to a drum. Round this drum 
a cord runs, and its ends are fastened to the hooks 
g and h at tlie front and back of the carriage. Whilst 
in the half self-actor tlie turning of the spindles and 
the pressing down of the winding wire have to be 
done by the spinner, the self-actor performs all these 
operations itself. 

The fulvantages in using the self -actor are not few : 
saving in wages, hotter work than could be done by 
the best spinners, twisting more even than if done by 
hand, bobbins and cops firmer and all of one size 
and shape, and therefore taking up less room in pack- 
ing, and when unwound or used as weft giving less 
broken thi'eads and less waste. These great advan- 
tages have caused many patents to be brought out 
for different kinds of self-acting frames, and this 
ingenious machine is therefore universally used. 

Reeling i sorting, and packing of yam. — The yarn 
coming from the spinning frame is finished as yarn, 
but for its other uses it requires a little preparation. 
It is next reeled by a reeling machine, to turn it into 
skeins or hanks (numbers and counts) of known length. 
The yam when divided into certain quantities and 
tied round the middle with a thread is known as a 
hank. The weight of a hank, ascertained by an 
ordinary balance and winding it on a delicately ad- 
justed testing machine, determines the fineness of 
the yarn. The finer the yam, the less weight in a 
hank, and therefore the more hanks in a pound. 
The fineness or count of the yam is known from the 
numW of hanks to a pound, and thereby we l^ave 
a fixed system of numbers. The English is most 
often used. The hank has, therefore, 2520 feet, or 


840 yards (761 metres). A pound of No. 100 would 
contain 84,000 yards. The French reel has a circum- 
ference of If m^tre, 70 times round the reel is a lea 
of 100 metres, 10 leas ore a hank of 1,000 metres. 

For prints, calicoes or knittings the counts from 
30s to 60s are used, and for very fine batistes, mulls 
or muslin 150s to 260s are employed; yet in the 
London exhibition there was shown yam as fine 
as No. 600s by a French spinner (Bautroyen and 
Mallet, in Lille), and No. 2150s by Houldsworth 
and Co., of Manchester; the former was shown as 
lace, muslin and sewing-cotton yarn, but the latter, 
of which there were 2160 hanks or 1,800,000 yards 
to a pound, was admired as a curiosity in spinning, 
though for pi'actical services it was useless. 

Yarn is sorted accoi‘ding to (1) the spinning frame 
used for its production ; (2) the quality of the cotton 
and beauty or brilliancy of the yarn — firsts and 
seconds (best, good, middling, extra best, etc.) ; 
(3) the purpose to which it is going to be put — 
warp or weft ; (4) the fineness, as shown above. 

On accK)unt of the firmer twisting, water twist is 
used for nothing but warp, mule yarn is used for 
warp or weft ; from which they aie wrongly called, 
the former twist and the latter weft. Under the name 
medio twist, we understand hard twisted mule yarn. 
For weaving, mule yarn is used as slender “ pear- 
shaped cylinders ” called cops or pincops, which after 
having been taken off the spindles of the spinning 
jenny and put upon slender spools, are ready for 
using as weft, in weaving. 

Yarn for trade is made up in bundles fastened by 
string (the bundles varying in weight), and is packed 
by a screw-press or hydraulic press. 

Prooeiiet through whioh Ootton Yam goes preparatory to 
its being need for Weaving of Cloth. 

At the end of last chapter we gave a general 
description of the methods of making up cotton yarn, 
both of warp and weft. Following on the spinning 
by the “throstle” and the “mule” are a certain 
number of operations to prepare the yarn for weav- 
ing. These we shall describe previous to taking up the 
important work of weaving just named. 

The yarn known by the name of water-twist or 
throstle-twist, when not used on the premises for 
manufacturing, is sold in bundles. The bobbins which 
contain the yam spun are taken to a very simple 
machine, called a “ bobbin reel.” The reason why it is 
so called is to distinguish it from another reel called a 
‘‘ cop reel.” The only real difference between it and 
the bobbin reel is, that one makes the hanks from 
the cop and the other from the bobbin. In the 
bobbinPreel the bobbins are put upon a spindle, 
but in the cop reel the cops are “skewered,” — t,e., a 
thin wooden skewer is put through, and then the 
thick end of it is pressed into a hole in a rail, 
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whicli bolds it in such a position that the yarn can 
be drawn from it freely. The bobbin reel takes the 
yarn off the bobbins as they are taking from the 
throstle. In both cases the yarn is folded round a fly, 
about 64 in. in circumference and about 1 2 ft. in 
length. The reel contains forty bobbins, which are 
all running at the same time on the fly, and in this 
way the hanks are made. 

After the hanks are taken from the fly, they are 
generally made into a bundle of five or ten pounds 
weight. If the count ” of the yarn is called 
forties” it is then made into a ten-pound bundle 
in the following manner. One ‘‘lea” contains 840 
yards. Seven of those leas make one “hank,” and 
forty of these hanks make one “ pound.” These forty 
hanks are put together, and then called a “ knott,” 
but more generally twenty of them are put to- 
gether and are called “ twenty-hank knotts.” This 
division is done because forty hanks are too bulky 
to be made up neatly. Having twenty half -knotts 
instead of only ton full knotts, the head of the bundle 
shows twenty heads. They are put into an iron 
press, and are then pressed into a square-shaped bundle 
of very small compass. While in the press they are 
tied in about four places, so as to keep them in 
the same form when taken out of the press as they 
were while in it. When sent from the mill to the 
warehouse they are folded in brown paper and tied 
up with a thin twine called “ casing twine.” 

The “ cop reeling ” process is precisely the same in 
all respects, cops being made at the mules instead 
of at the throstles. Cops are as often sold in the cop 
tis in bundles; they are packed in skips containing 
250 pounds each or thereabouts. When throstle or 
mule yarn is sold in bundles in this country, it is for 
the purpose of dyeing or bleaching. In no other con- 
dition can the yarn be delivered, so convenient for the 
purpose above alluded to, as that of being in bundles. 

Methods of bleaching the yarn in the cop have 
been attempted by different processes, but as yet they 
have not been successful. 

The cotton before being spun into yarn has also 
been bleached, but this system of bleaching seems to 
have died a natural death, as well as that of bleaching 
in the cop. 

Throstle yarn is very commonly made into warps, 
and the warps are used in weaving, being employed 
for the longitudinal thi*oads of the cloth, and termed 
“ twist.” The weft for manufacturing purposes is 
spun upon mules. The cops in that case are made 
very small — about the size of an ordinary man^s finger 
— and they are known in the trade by the name of 
“ pin cop ” or “ shuttle cop,” being made so small as 
to be suitable in thickness and length for the shuttle 
of the weaving loom. 


Before we enter upon the description of a “ doubling 
frame,” or the system of doubling two or more ends 
into one, whether for manufacturing purposes, for 
weaving into any kind of cloth or small wares, or 
for making sewing thread, wo shall allude to a 
frame which is in use everywhere where coarse yarns 
are being doubled, and which is much used in liner 
yarns now— -say up to 120s or 130s, For the finer 
yarns the practice of winding has only of late years 
been introduced to any extent worth mentioning. 
This winding frame, called a “cop winder,” is certainly 
one of the simplest machines in a cotton mill. A 
long tin roller or cylinder runs from end to end 
of tlie fiame. I'he frame contains a number of 
spindles, whicdi stand upright, and are driven by 
bands which receive their motion from the cylinder 
above named. And this cylinder receives its motion 
from a belt which is driven from a shaft. The 
spindles h.ave a “ wharve,” or suiall pulley, by which 
the band is kept in its position, and thus the 
spindle is always driven at a uniform speed. The 
cops as they come from the mule are “skewered,” 
and the thick ends of the skewers are pushed into 
a rail which holds them steady while the yarn is 
being drawn off the cops. The spindbs are finmished 
with l)obbins. The bobbins, as they are driven round, 
of course draw the thread round them, the bobbins 
being so large that three, four or five cops can bo 
wound upon them, and in this condition the yarn 
is taken to the doubling frame. Sometimes it is 
wound with a single end on to the bobbins, and in 
other instances two or more ends of thread are 
wound upon them. 

The Doubling Frame for Yam. 

Tlie process through which much of the single 
yarn has to pass is running two or more single 
ends together and then twisting them, which is called 
“doubling” or thread manufacturing. This system of 
doubling is worked only with mule yarn. Mule yam 
having much less twist in it than throstle yarn, 
is all the better calculated for making double yarn : 
the threads being soft, it folds much closer than 
hard twisted yarn. The doubling frame very much 
resembles the throstle frame in all its working parts, 
excepting that of the rollers. In the doubling frame 
there are but two rollers, which are only intended 
to draw tlje yarn through at a uniform rate ; so 
that every inch of such yarn will receive the same 
number of twists, and thus ail parts of the doubled 
thread will be about the same strength. When two 
or more threads of single yarn are twisted together 
the strength of it is considerably increased. Doubled 
yarns, especially coarse ones, are used for a variety of 
manufactured goods. 
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FOBM AND COLOUR IN INDUSTRIAL DECORATION. 


TEE TECHNICAL POINTS CONNECTED WITH 
THE EMPLOYMENT OP POEM AND 
COLODB IN INDUSTEIAL DECOEATION. 


CHAPTER VI. 

We concluded last chapter by describing — or attempt- 
ing to describe, for no words can be found capable 
of describing that which is impossible to be explained 
— ^a fine study in colour and light-and-shade effects at 
a sea-margin. In trying to picture the beauties of the 
scene, we may here in continuation remark that what 
we then said did not complete those beauties. A light 
long strip of cloud passing athwart or across the sun 
threw a band of dark shadow right across the line of 
light — the sea of silver — somewhere about the middle 
of its length, from sand margin to heaven. Here, 
along and above tliis band, we had a cloud, now 
purple, now violet, now rose-coloured. But the 
interchanges, so to call them, of these colours were 
not abrupt, as the pupil not yet initiated into the 
study of colour might suppose, but gradually blended 
into each other in such a delicate way that it was 
difficult to say at what point the one colour or tint 
ended and the other began. This wonderful display 
of the loveliness of natural effects, which we are but 
too conscious of having failed miserably in an attempt 
to describe, did not, however, only afford many lessons 
of tlie most directly useful kind as regards colour 
and many of its characteristics ; it yielded other 
lessons of quite as practical a character useful to 
the pupil in design. What those or some of the most 
suggestive of them were or are, we shall glance at 
presently. 

Gradation in Colour. 

The preceding paragraphs were taken up chiefly in 
pointing out the extreme value of the lessons wiiich 
can be obtained in colour and its characteiustics by 
close study in what has been called the school of 
nature, — the only school, in fact, in which true or 
right study of this subject vitally important to the 
design of industrial decoration can be studied. In 
attempting to describe a natural scene in which some 
beautifully suggestive and striking effects in colour 
were observable, we at the conclusion of the last 
paragraph pointed out to the pupil one cha- 
racteristic — namely, the gradation of colour — in 
other w’ords, the complete absence of all abruptness 
in the intermixture. We can get no other word than 
this to us unsatisfactory one of the many-coloured 
cloud which hovei‘ed over the shimmeiing waves of 
that lovely sea. Now, this gradation is a principle, 
so to call it, existing in natural objects, and is cha- 
racteristic in them alike in form and colour. And 
if the pupil in art has as yet missed observing and 
noting it, he has still to learn a lesson of the highest 


value to him in his practice. To some, indeed, 
although pointed patiently out by their ‘‘master,” the 
point never becomes clear, at least clear in all its 
subtilty; and this being so, is precisely the reason 
why such pupils in art never do become in the correct 
sense, or for the matter of that in any sense of the 
term, true artists — certainly not true colourists. 
Copyists they may be, and clever ones too, but 
“only this, and nothing more.” We believe, how- 
ever, that our readers have an ambition to belong 
to the higher of the two classes here named ; and this 
being so, the youthful or beginners amongst them 
will, wo feel assui'ed, be but too anxious to obtain 
all the lessons which a knowledge of this principle 
of “ gradation ” or absence of abruptness in natural 
effects is so well calculated to afford. We have 
already made pointed reference to this as regards 
colour, but it is no less true of form — although, 
perhaps, more observable in the case of colour. And 
yet it may well be doubted whether it is obsfirvable to 
many : probably the most accurate way of putting the 
matter is to say that it is observable to the few only 
— those only who observe. For it is there to be seen 
if we only look to see it ; but, as it has been already 
stated in more places than one in those papers in 
this work which treat more or less directly on art 
subjects, this capability to see must be cultivated. 
The eye, like the ear, has to be educated. And on 
this point of the gradation of colour it is difficult to 
over-estimate the value of the lessons in colour which 
Nature gives in such lavish and lovely profusion. 
This principle of gradation in colour is, however, one 
which to understand, must be studied in the b(K)k of 
nature itself ; it is not one in which much can be 
definitely said here in ordinary book fasliion. The 
veiy subtilty of the effects in nature which is one 
of the chief characteristics, if it be not the chief 
feature of this, precludes the possibility of giving a 
written or a vivd-voce explanation of them. They 
must be seen in nature to be understood, and happy 
the artist who can so understand as to gain lessons 
from them. On this, the chief characteristic of 
gradation in natural colour, if we wish to give expres- 
sion to it, we must go, as so many have gone before 
us, to find it in the words of the ablest, as he is the 
most graphic and graceful exponent of art subjects, 
John Ruskin, “What curvature,” says this great 
wiiter .in his “Modern Painters,” “is to lines, 
gradation is to shade and colours. It is their 
infinity, arid divides them into an infinite number 
of degrees. Absolutely without gradation no natural 
surface can possibly be, except under ciicumstanoes 
of so jj|re a conjunction as to amount to a luaus 
natwrm, » , . For instances of the complete absence 
of gradation we must look to man's work, or to 
his disease and decrepitude. Compare the gradated 
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colours of the rainbow with the stripes of a 
target, and the gradual deepening of the youthful 
bloom in the cheek, with an abrupt patch of rouge, or 
with the sharply drawn veins of old age. Gradation,” 
he goes on to say, “gradation is so inseparable a 
quality of all natural shade, that the eye refuses, 
in painting, to understand a shadow which appears 
without it; while, on the other hand, nearly all the 
gradations of nature are so subtle, and between 
degrees of tint so shghtly separated, that no human 
hand can in anywise equal, or do anything more than 
suggest the idea of them. In proportion to the space 
over which the gradation extends, and to its invisible 
subtlety, is its grand eiu*; and in proportion to its 
narrow limits and violent degrees, its vulgarity.” 
How often this vulgarity is displayed in such attempts 
at colour as many of our art-decorators make in 
trying to add the beauty of colour to our surround* 
ings, let the experience of the past generation or 
two, and, indeed, we may say, of the present one, tell 
us. True, our art-decorators do not, many of them, 
treat us much or often with the effects of coloui* ; for 
it is one of the unhappy characteristics of the times 
we live in, that we have lost, in veiy large measure, 
that love of coloui*, and that sense of the healthy 
mental and, we might say, moral influences which 
colour widely and wisely used can impart, and which 
our ancestors, specially those of the middle ages^ 
possessed in so great a degree. The great authority 
we have already quoted speaks truly when he speaks 
of the sacredness of colour, and that it is of necessity 
connected with all purity of mind and nohlenesss (f 
feeling. He tells us to “consider for a little while 
what soi't of a world it would be if all flowers were 
grey, all leaves black, and the sky hrowvi, , . Then 
observe how constantly innocent things are bright 
in colour : look at a dove's neck, and compare it with 
the grey back of the viper.” Taking a wide view of 
the subject — for, as our authority says, if there were 
no exceptions to this rule, “it would be more con- 
vincing than the lessons of the natural universe are 
intended to be ” — taking a wider view, let us “compare 
geneiully rainbows, sunrises, roses, violets, butterflies, 
birds, gold-fish, rubies, opals, and corals, with alli- 
gators, hippopotami, lions, wolves, bears, swine, 
sharks, slugs, bones, fungi, fogs, and corrupting, 
stinging, destroying things in general ; ” and we 
shall find then “ how the question stands bet'ween the 
colourists and chiaroscurists, which of them have 
nature and life on their side, and which have sin and 
death.” And we may here note that a well-known — 
but too well-known and but too much admired by a 
certain class, imfortunately — school of art gives a very 
striking illustration of the truth shadow^ed forth in 
the last sentence of our great authority. For this 


school of painters, happily not indigenous to this 
country, but flourishing chiefly, if not wholly, on the 
Continent, which, admittedly and for the most part 
shamelessly, so far as some of its members are con- 
cerned, dealing with subjects which minister to the 
depraved tendencies of our nature, produce subjects 
noticeably deficient in the effects of pure colour, and 
wheie colour is employed at all it is of those browns 
and greys which are generally the exponents of hurt- 
ful things, of death -like, deadly influences, “ All men,'^ 
to return to our great authoiity, “ all men completely 
organised and justly tempered enjoy colour; it is 
meant for the perpetual comfort and delight of the 
human heart ; it is richly bestowed on the highest 
works of creation, and the eminent sign and seal of 
perfection in them ; being associated with life in the 
human body, with light in the sky, with puritij and 
hardness in the earth ; death, night, and pollution of 
all kinds being colourless.” 

Gradation of Form. 

So marked a feature is this gradation of tone and 
tint of all natural objects, that, comparatively seldom 
as absolutely flat surfaces are found in nature, the 
majority of objects having surfaces of curvature more 
or less decided, even such suifacos, as so clearly 
pointed out by Mr. Ruskin, are furnished, so to say, 
with this effect of gradation, the means being “ pro- 
vided in local colour, aerial perspective, reflected lights, 
etc., fi’om which it is but barely conceivable that they 
should ever escape.” Natural effects can best, caxi 
indeed only be seen, and the lessons they teach 
only be leamed, by going to Nature herself — a tinitb 
not quite so obvious to many, absolute truth though 
it be, to judge from the fact that they rarely go to 
Nature at all, preferring to study in such fashion as 
they can from models^ and copies ; and not always from 
these, at least not from admittedly good ones, prefer- 
ring as they do sometimes to follow the lead of what 
they call or conceive to be their “ own genius,” which, 
“ will-o'-the-wisp ” like, but too frequently leads them 
into the morass and the quagmire of weakness, ineflU- 
cency, and often to absolute artistic death. We feel 
assured that none even of our most youthful and 
inexperienced artist readers will ever be led away by 
any such specious, yet, it must l>e confessed, to human 
nature but too attractive notion of their own ability, 
to dispense with the unobtrusive but always great and 
striking les^ns which Nature is ever so ready to give 
to her patient, willing, and receptive students. 

To Nature herself the student must go to learn 
those lessons which have the only claim to be con- 
sidered as artistic. Class “ copies ” and school “ casts ” 
are of great service to the artistic pupil, and cannot, 
any more than the lessons of the teachers, be dispensed 
with ; but they are only useful in their place. 
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THE STEEL MAKER. 

The Details of His Work— The Principles op its 
Processes— The Qualities and Characteristics op 
ITS Products. 

CHAPTER XIV. 

In continuation of the subject of qualities of steel, 
commenced in last paragraph of the preceding 
chaptei’, we have to say that another steel, with 
the requisite qualities for ship building, of which a 
capability to resist blows or shocks which would crack, 
split up or open up ordinary iron, but which, how- 
ever much bulged or “dinged” in, would still be free 
from cracks, is obtained by adding from 0’16 to 0*20 
per cent, of carbon. Again, for a mild steel required 
for bridge and roof work, one possessing a greater 
resisting strength against pressures tending to break 
the metal across, the percentage of carbon is from 0*3 
tf) 0-35. And in the case of a steel required for railway 
“ metal,” or the “ rails,” where hardness is required, 
and a capability to resist abrading or rubbing down 
and exfoliating action, the latter having a tendency 
to make the metal split up into plates or leaves — ^so 
marked a characteristic of wrought-iron railway bars 
— the peiuentage of carbon is from 0*4 to 0*6. We 
thus see how wide the range is of steels required for 
different constructive purposes; but frequently the 
peix^entages of carbon present in or given to them 
change (from 0*5 up to 1*25 per cent.), and yet how 
very minute are the percentages actually used, and 
the differences between them as employed in different 
cases giving different characteristics ! 

HebaBing Rlements in the Iron. — A Difficulty in the Bessemer 
Frooess.— Sulphur and Phosphorus. 

But the art of the mild-steel mnker would be one 
comparatively easy to carry out, if it were merely a 
matter of giving a certain proportion of carbon to one 
sample and another proportion to another sample. 
But this is not so: it is a vastly more complicated 
problem which the steel maker has to solve in his 
daily j>ractice. This arises from the conflicting, and 
what, in view of the facts as they exist, we may 
well call the contradictory elements, present in the 
materials with which hd has to deal. If the reader 
has been careful to note the various points brought 
forward for his consideration within the range of the 
various chapters of the present series, as well as those 
of the series entitled “ The Iron Maker ” (which it is 
of course prasumed ho has studied previously or at 
least in conjunction with the present series), he will 
remember the very great differences existing in the 
ores and materials uspd in the manufacture of iron, 
which is the basis of all the mild steels produced 
by the Bessemer process, or by the Siemens process. 
These differences arise from the varying constituents 
if the ores and materials employed; and if those 


constituting the majority are what are called “ de- 
basing” — that is, having a tendency to deteriorate 
— in proportion to their presence the constructive 
value of the metals made from them is reduced. 

I debasing constituents we have seen that 

those of phosphorus and sulphur, while most dreaded 
by the steel maker, are unfortunately — especially 
the phosphorus — ^the most frequently and largely 
met with in the ores of iron, from which his steels 
are made. We have seen in a recent paragraph 
how Sir Henry Bessemer had the success of his 
invention or discovery greatly imperilled by the 
presence but too abundantly of phosphorus in the 
ores with which he first carried out his process. This 
element of phosphorus being present in comparatively 
low percentage in Swedish iron — which has long bold 
the reputation of being the purest in the markoi; — 
the “ converter ” process was successful in producing 
good steel free from the defect known as “ cold short,” 
which lessens the forging and working value of a 
metal very materially. But this fine quality of iron 
is not only dear, but is comparatively scarce — the 
dearness being caused by its scarcity — so that if 
the Bessemer or converter process liad depended upon 
the supply of this Swedish iron, it would never have 
attained anything like the gigantic proportions which 
we all know it has reached, as a trade and a com- 
mercial power, in our country. We have seen how 
the red liaematito ores, of which the Ulverstone district 
is the principal source, came to the rescue of the 
converter process and saved it from the probable fate 
of a comparatively limited range of actiem. 

Of these two debasing elements in iron ores, while 
that of phosphorus is the worst with which the steel 
maker has to deal, that of sulphur brings about evils 
of its own which are bad enough in their way. Of 
these evils one is the property which sulphur gives to 
the metal known as “ red short ” (see the papers “ The 
Iron Maker”), a quality which, if existing to large 
extent, renders the metal incapable practically of 
being worked or forged. But this debasing element 
of sulphur brings about another evil in the steel, 
which at one time threatened the success of the 
Bessemer or converter process. This remains to be 
described, as also how it was at last successfully over- 
come. Our readers, especially if practically acquainted 
with workshop practice, will easily understand how 
the value of a metal, such as a bar of steel, will 
depend greatly upon its lieing of uniform quality 
throughout its whole body. This uniformity is not 
merely of a chemical character ; in fact, analysis might 
show that any two portions taken from two different 
and disl^ct parts of the same bar were of precisely 
the same quality. But while chemically homogeneous 
or equal in character, it might not be so practically. 
In breaking up a “ pig ” or bar of cast iron, it will 
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sometimes be found that in tbe very centre of it 
vacant spaces — frequently very large in proportion to 
the cross section at the broken parts — will be met 
with. These spaces are popularly, and to a certain 
extent correctly, called air-holes, and in the same 
way the metal is said to be air-blown. When the 
air-holes or vacuities are more or less numerous 
throughout the block it is said to be “ honeycombed,” 
this term being perhaps more frequently applied to 
the blocks or ingots of mild steel cast on the Bessemer 
or converter process. For it was this evil of honey- 
combing which was met with in its early stages, and 
which then threatened its success. These cells or 
honeycomb splices were caused by the presence of gases, 
generally oxygen, sometimes carbonic-oxide gas, these 
gases being shut up, inclosed, or “ occluded,” as the 
technical phrase has it, within the interior of the 
block or ingot of steel produced by tbe converter. We 
have already alluded to spiegeleiaen. This ore is rich 
in manganese, a constituent of ores which Heathcoat, 
who was one of the most successful of steel makers 
under the ordinary system, a description of which we 
have given, showed was most useful in the making of 
steel. Mushet, another worker in the field of metal- 
lui'gy, to whom the science is, beyond a doubt, greatly 
indebted, had his attention di’awn to the value of 
spiegeleisen as containing a high percentage of man- 
ganese ; and ho took out a patent for its application 
to the process of steel making on the converter or 
blowing process, believing that by its use the man- 
ganese present in the ore would so act upon the 
oxygen — being itself readily oxidised, combining this 
with the oxygen present in the steel — that its occlusion 
or shutting up within the body of the ingot or block 
would thus prevent the formation of the gas cells, 
which we have seen to bo the cause of* the ingot 
or block being honeycombed. This was found to be 
precisely the result of using spiegeleiaen — added at 
or near the end of the blow — to the metal in the 
converter. We may here note, parenthetically, that 
the evil of honeycombed steel is got rid of, as well 
as great advantages specially due to the operation 
obtained, by the process of compressing steel ingots 
under enormous artificial pressure, patented by Sir 
Joseph Whitworth, the well-known and able 
mechanician, whose recent death has been a great loss 
to practical science. By one of those unfortunate 
circumstances which happen now and then to most 
business men, Mushet did not profit by his discovery 
of the value of spiegeleisen in the conver ter process 
of steel making, his agent, it is said, having neglected 
to pay the fees due at the Patent Office in time to 
secure the patent. 

Kanganese in the Besiemer Brooeis. 

The valuable, or as we should rather say the in- 
valuable properties of manganese, the active agent in 


the spiegeleisen, in getting rid of the honeycomb oi 
porous condition, as it may well be called, having thus 
been established, it is scarcely necessary to say, after 
giving in the present series of papers, and that under 
the title of The Iron Maker,” so many proofs of the 
energetic activity and the inventive ability of those 
connected with the manufacture of iron and steel, 
that the attention of both pi*actical metallurgists and 
metallurgical chemists was drawn to discover methods 
of increasing the value of manganese as a constituent^ 
in mild steel making, and making its use more and 
more available over a wider range of practice. 
Spiegeleisen, although itself so valuable as a source of 
manganese, contained but a comparatively small per- 
centage of this constituent — some 9 or 10 per cent, 
only. By various means a spiegel ” was produced in 
which this percentage of manganese was increased 
threefold. But it was not until a new alloy of iron 
was discovered, capable of being produced in any 
desired quantity, that the steel maker had a product 
in which the manganese was increased to an extent 
not far ofi' if not quite eightfold of that present in 
ordinary spiegeleisen. This new alloy received the 
name of ferro-manganese,” which admirably in- 
dicated its peculiarities. This gave the steel maker a 
power of producing a variety of steels of almost the 
widest possible character — at least so wide ih its range 
that practically almost any quality of steel required 
by the constructor might be produced. Before this 
new alloy was introduced the difficulty in attempting 
to increase the quantity of manganese given to the 
metal in the converter was to keep down the increase 
of the carbon to too high proportion, for this when 
so present gave the steel too high a degree of hard- 
ness. But by the use of the new alloy, while it was 
possible to increase the percentage of manganese, this 
could be done so that the carbon was not increased to 
the dangerous point, while at the same time the steel 
maker had the power to lower the percentage of 
carbon without losing the manganese, the value of 
which in preventing the honeycombing of the steel, 
or preventing it from becoming what may be called 
spongy, we have already seen. The ferro-manganese 
now so largely used contains also a proportion of silicon. 
This, from what we have stated in the series of papers 
under the heading of “ The Iron Maker,” is a de- 
basing , ingredient in it, as tending to reduce the 
metallic value of the iron ore. This ingredient is 
present to a percentage as high in some instances as 
one-twentieth,' even in the red hiematite ores, which we 
have seen are so valuable for the converter process of 
steel making that the pig iron made from them is 
classed in the trade as Bessemer pigs.” Notwith- 
standing, however, that silicon is a debasing ingredient 
in iron ores, it is but right to state that it is not 
objected to by some makers, inasmuch as its presence 
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80 aids the process of active combustion going on 
within the convener during the ** blow ” by the great 
heat developed. Notwithstanding this, in pig iron used 
by steel makers, it is part of the understanding that 
they are to be supplied with qualities in which the 
silicon shall be as low as is consistent with the due 
working of the metal, the percentage of phosphorus 
being at 0-05, that of the sulphur 0 06. We shall see 
in a succeeding chapter how these two latter most 
mischievous agents in steel making are now got rid 
of, and in a way so generally applicable that even the 
poorest ores used in the trade to a large extent are 
capable of making mild steels of a high quality. 

Points conneoted with the Actual Working of the Bessemer 
Process. 

Having in the two last chapters gone fully into 
the several points connected with the Bessemer or 
converter process of steel making, we are now in a 
position to follow up the details of its actual working, 
some of which we have already stated. In the last 
chapter we pointed out that as worked in the earlier 
stages of its history it was a much more complicated 
process than it is now. At first the pig iron to be 
made into steel in the converter was heated in a 
‘‘ reverbeiatory furnace,” the operation of which was 
supposed to be necessary to the complete working of 
the system. We have seen how this was done away 
with and the pig iron melted in the ordinary iron 
founder's cupola, or in one or other of its improved 
forms, such as that known as Ireland's, We liave 
seen also that a further stop in the simplification of 
the process w’as taken by doing away with the cupola 
fiu’nace, and this by taking the pig oi* cast iron direct 
from the blast furnace (see “ The Iron Maker” for a 
description of the cast-iron manufacture) to the con- 
verter. The metal as it flows from the blast furnace 
is led to an iron vessel or ladle of large dimensions, 
holding many tons of metal ; this is lined, of course, 
with a refractory material known as “ ganister,” and 
is placed upon and forms part for the time being of 
a small bogey or carriage. This is, along with other 
carnages containing the melted pig iron, conveyed by 
a small locomotive along the rails leading from tlie 
vicinity of the blast furnace to that part of the 
works where the converting process is carried on. 
The number of these vessels or trucks seen here 
and there over the place in a large establishment is 
one of its most striking features to the visitor to 
w'hom iron and steel making are novelties. And if 
he is observant he may discover, .somewhat to his 
surprise, how long tlie period is during which the 
pig iron taken from the blast furnace remains liquid 
after being placed in the vessel or ladle of the small 
carriage or bogey. This is due partly, indeed chiefly, 
to the non-conducting material w ith which the vessel is 


lined, and to a species of skin which covers the surface. 
On looking at those vessels so filled with molten cast 
iron, and which may be standing in long rows ready to 
be wheeled off by the small locomotive to the converter, 
the visitor at first has no conception that they are 
filled with a material so certain to be dangerous if one 
of the vessels happened to be overturned in transit, or 
colhded wdth another ti*ain of similarly filled vessels. 
If inadvertently standing near them, the visitor may 
be conscious of a considerable degree of heat ; but if 
not specially informed or otherwise aware of this fact, 
he will have but little conception as to what their 
contents may be, so innocent-looking of all containing 
red-hot metal do they generally appear. On arriving 
at the converting place the vessels are hoisted up and 
poured into the mouth of the converter, and tho blow 
is commenced and carried out in tho way w^e have in a 
preceding chapter described. 

The first time a visitor to one of our large iron and 
steel works witnesses the “ blow,” as it is technically 
termed, of a Bessemer converter, will be a marked 
epoch in his practical life. Without in any way 
being desirous to perpetrate a pun, we may say 
that it will truly be a red letter day ” with him 
in the future. For assuredly, apart altogether from 
such mental or intellectual considerations as with a 
thoughtful man will be sure to arise in witnessing 
such an example of the power of man over material 
obstacles, the “blow” is a grand and striking 
spectacle, more especially if witnessed at dusk, or 
better still when dark, if indeed darkness really exists 
within the precincts of one of our large iron works, 
where, as in the Middlesbrough district, many blast 
furnaces are and more than one converter may be at 
work. Grand and striking as are the effects of one 
of the fine displays of fireworks for which the Crystal 
Palace at Sydenham is famous, the spectator for the 
first time of a Bessemer blow” will acknowledge 
that the fireworks must before the grand effects of this 
‘‘pale their ineffectual fires.” The writer of these 
lines has stood during successive “ blows ” in company 
with men who, although they have witnessed blows 
without number, have been beyond doubt impressed 
with the sight — not, of course, as much as if it were 
novel to them, but still in so marked a manner as to 
show how it maintained its power over their imagina- 
tion and intellect as well. Nor, while witnessing the 
marvellous effects of the blow taken throughout from 
beginning to end, when the converter is “ turned ” 
or emptied of its glowing contents, will the spectator 
to whom the sight is novel, if he be at least of an 
observant turn of mind, fail to be struck with another 
and almost striking feature of the process. This is tho 
astounding ease with which all its details are carried 
out. 
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Thb Details of his Work and the Principles of its 
Processes, 


CHAPTER XY. 

The reger^erative stoves described at end of preceding 
chapter are readily cleaned with a brush ; at the top 
is a large movable cap, d c?, fig. 6, Plate CLVI., for 
the purpose of getting readily at all the openings. 

For the purpose of removing from the gas any dust 
it may hold in suspension, the stove is provided with 
a simple contrivance for washing the gas. This gas 
washer not only removes all dust, but also an infusible 
ash that collects in it, and also catches the ore dust 
which forms a fusible iron silicate which glazes the 
walls. Above the gas washer is a dust collector. This 
latter provision is made for the purpose of relieving 
the washer of part of its work. 

To burn gas thoroughly,** says Mr. John M. 
Hartman, of Philadelphia, ‘‘ combustion must take 
place in a large chamber, with thick walls maintained 
at a high heat. In these stoves the gaa is cut up into 
strips, by passing it through 'slots in the bottom of the 
stoves, as shown in plan at 6, fig. 1, Plate CLXXXIII., 
then mixed with air, and by the time it has travelled 
forty-five feet to the top, 6, fig. 6, Plate CLYI., of 
the regenerator, it is thoroughly burned. The regene- 
rator is supported on cast-iron gratings, with a space 
below for draught passage to the chimney and blast 
passage when the stove is on blast. Ample provision 
is made in the walls for expansion, and by using an 
air-space between the shell and wall the heat lost 
through the shell is reduced to a minimum.** 

In order to relieve the pressure which exists in the 
interior of the stove whenever the gas is put on, there 
is a piston blow-off valve placed near the nozzle of the 
chimney. The blast itself works this valve. There is 
also a cold blast valve, which can readily be opened or 
shut ; it is simply a pivot valve. ‘‘ The use of the 
gas washer and the piston blow-off valve,” we are told, 
and the practice of blowing through the stoves twice 
a week, pi*events accumulation of dust, and insures 
regular working.** “ The patents on these stoves,** 
continues Mr. Hartman, ‘‘give them the exclusive 
right of cleaning by this method.’* The valves them- 
selves are plain valves. The chimney valve is kept 
sufficiently cool by means of a circulation of air 
which is drawn through it by the chimney. The hot- 
blast valve and the gas valve are kept cool by means 
of water. The valves are situated on one side of 
the centre, so that they are made to lie against the 
surface and remove any deposit that may be on it. In 
order to provide against the stem binding, the gland 
has a side motion. The valve an<J cap, also, can be 
taken off in a few minutes by simply “slacking up 


the four belts holding the cap and winding up the 
chain ** For each stove a stream of water not more 
than half an inch is all that is recpiired, while the 
valves can be run without any when the blast is not 
more than 120°. 

The mode of operation of these stoves is thus de- 
scribed by the same writer named above. Tho stoves 
“are opened and gas burned in them four hours, 
when they are closed and the blast blown through 
them for two hours. Three hours are required to 
give the stoves time to heat up. The flues connecting 
these stoves are all overhead, and can be cleaned at 
casting time in ten minutes. Owing to the small 
amount of gas used, the flues are small. This is due 
to pure gas and large heating surface. On first 
turning a stove on a blow, the temperature of the 
blast is higher than required, and as the blow con- 
tinues this temperature falls, and by the end of the 
blow it is too low. To obviate this, and obtain a 
uniform temperature, a connection is made from the 
cold-blast to the hot-blast pipe. In this pipe is 
placed a valve with a clock attachment, to gradually 
close the valve during two hours. At the beginning 
of the blow this valve is wide open, and admits a 
certain volume of cold air, which cools down the hot 
blast to the proper temperature. This cold air does 
not rob the stove of heat, but simply equalises the 
temperature of the blast during the time the stove 
is in work supplying hot air for the blast. The 
amount of air heated per minute (in a blow of two 
hours) to a given temperature, and the temperature 
of the escaping gas, are the measures of efliciency of 
fire-brick stoves.” These stoves, constructed as they 
are of brickwork, are well calculated to resist injury 
on account of damp, since any water contained in the 
air entering the furnace is decomposed into hydrogen 
and oxygen. In fig. 6, Plate CLVI., / / is tho 
valve and flue leading the gas from the “ down -comer ** 
to the combustion chamber h h, being split up as it 
passes into the chamber by the three apertures at 
bottom, as shown in plan in fig. I, Plate CLXXXIII. 
In fig. 6, Plate CLVI., g shows tho air flue to 
admit air to flash the gas into flame in the combustion 
chamber h h. The arrows show the course of the 
gas in this chamber leading to the regenerative 
chamber c c, from which it passes off as shown by 
arrows at right-hand flue at base, with its heat os 
imparted to the brick regenerative surfaces in c c that 
its temperature is so low as 250°, thus showing how 
little heat is lost. 

Tuydres of tho Blast Ptimaoe, or Koizle through which tho 
Hot Air is passed into the Famaoe. 

Before proceeding to other departments of the 
subject, in connection with the blast furnace an‘aiige- 
ments, a notice here of the water tuyfere is necessary. 
From what has been said on the subject of the 
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process of combustion going on in the furnace, the 
reader will have some idea of the intense heat 
generated within it, and specially at points near the 
lower part, or the region in which the process of 
reduction of the ore is being completed; and at a 
special point of which the tube or pipe conveying 
the blast of air enters the furnace. With so high 
a temperature reigning at this point, the material, 
universally iron, of which the blowpipe, so to call it, 
is made, would be almost instantly destroyed. To 
prevent the nozzle or orifice part of the blast-pipe 
from being thus instantly destroyed, the contrivance 
known as the “ water tuydre ** or “ tweer,” as it is 
called in the veinacular of iron workers — which 
by the way is almost a phonetic way of giving the 
coireot French pronunciation of the word tuyere, 
which means a pipe or tul)e — has been introduced. 
The principle upon which this contrivance is based is 
a well knewn and simple one ; that the temperature of 
water boiled in an open vessel — that is, in which the 
products, as vapour or steam, have free connection with 
the atmosphe^re — never rise above a certain tempera- 
ture, however long the process of heating or boiling 
continues, the supply of water to the vessel being con- 
stant, to make up for the portion evaporated or passed 
ofl' as vapour or steam. Fig. 2, Plate CLXXXIY., 
illustrates in simple diagram one method by which this 
principle is carried out, to prevent the nozzle of the 
blast-pipe becoming destroyed by the intense heat 
reigning within the furnace. In this a a represents 
a double-cased vessel of iron ; into the space, as h h, 
shown in section to the right of the diagram, formed 
between the inner and outer shells or casings, water 
is kept continually supplied, passing in hy the supply 
pipe c and out by the delivery pipe d. There is thus 
kept up within the casing a continually changing 
cui’ient of water. This casing, or double shell, is 
passed into a space provided in the furnace at its 
lower pait, at the point where the blast of air is to 
enter it, and so made tight that in the event of an 
accident happening, or repair being required, it can 
be taken out with comparative ease. Howevoi* intense 
may be the temperature within the furnace at the 
point where the casing a a is passed in, the water, 
although rapidly heated, is maintained at such a low 
temperature, and this also is the condition of the air 
within the casing, as at the part e in section. And 
it is at this point that the nozzle, y*, of the blast-pipe 
terminates. In the improved forms of water tuyere, 
in place of having the vessel, as a a, double-cased, it 
is made up of a coil of pipe or a spiral tube; the 
convolutions of which are represented by the dotted 
circular lines in the elevation in fig. 2, Plate 
CLXXXIV. Several forms of water tuy6res have 
been introduced — as, for example, that which is known 
as the water spray txiyere. In this the water, in place 


of being contained in a solid form in a shell or a spiral 
tube, as above described, is projected into the interior 
of the casing, as a a, fig. 14, into which the nozzle of 
the blast pipe is passed in a series of small jets. 
These project against the whole interior surface of the 
iron shell, or casing, and keep it at low temperature, 
and so also the space into which the nozzle of the 
blast pipe is passed. 

The Making of Wrought or Malleable Iron.— Introduotory 
Bexnarki. 

We have in preceding chapters gone into all the 
points connected with the ores of iron, and those 
involved in the reduction or smelting into the form 
of metallic iron, or, as it is in general terms known 
simply as iron. These |)oints include a great variety 
of information necessary to be known by tbe student 
of practical metallurgy, which will enable him, if 
he thoroughly understands them, to follow up 
intelligently the further progress of the iron manu- 
facture, as well as the points connected with the 
making of steel, the details of which will occupy his 
attention in the special pajjors devoted to it. We are 
now prepared to follow up the processes of making 
that form of the irons of commerce known as wrouglit 
iron or malleable iron. 

In the modern methods of iron making, the basis 
of wrought or malleable iron is pig or cast iron, tbe 
produtjtion of which has hitherto occupied our atten- 
tion. In the ancient methods of iron making we 
have seen that from the same process iron in its two 
forms of wrought and of steel might be produced. 
And we have seen also that in many cases it would 
be doubtful whether the iron worker of those early 
times know positively when lie had obtained steel 
from his furnace, and when he had obtained a product 
which we now designate malleable or wrought iron. 
Tliis uncertainty as to his products was brought alx)ut 
by the peculiar method of working which in early 
times was alone open to him. In the furnace lie 
employed it was not possible to obtain such an intense 
heat as to be able to produce a metal the fluid of which 
could bo run out, and which in propoition to its 
contained carbon would be either wrought iion as 
we know it, or mild or Bessemer steel, a steel known 
hy this name, and having peculiarities described in 
the papers “ The Steel Maker,*' and used for edge or 
cutting tools. The comparatively low heat obtained 
in the early forms of furnaces gave the metallic 
product, as we have seen, in the form of a spongy 
mass, which on being taken out of the furnace was 
subjected to hammering, by which the cinder was 
expelled, and malleable iron, as a rule, was the product. 
In maki^ wrought iron — or, as frem the circumstance 
of its being able to be formed or beaten into any desired 
shape, while heated to a red-lsct temperature, by 
hammering it is sometimes called, malleable iron — ^in 
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tbe early times cf the iron manufacture, the workman 
took a poHion of the spongy mass of reduced ore 
named above, and gathered it by means of an iron rod 
into the rough form of a ball or round mass. To 
this the technical name of “ bloom ” was given. Hence 
the name by which iron works were long and 
in some districts are still known, as “ bloomeries.” 
On being thus gathered up into a mass sufficiently 
large, but not too large, for the convenience of easy 
handling, it was taken out of the furnace and carried 
to the anvil and there subjected to a vigorous and 
comparatively long ‘‘ hammering.” The skill of the 
workman, so far as the furnace work was concerned, 
in preparing the “ bloom ” — that is, getting up a 
portion of the pasty, spongy mass present in the 
furnace — lay in so manipulating the ball or bloom, 
while subjected to the intense heat of the furnace, 
that this should so act upon it that it came most 
rapidly to that precise condition in wliicli, if taken 
out and submitted to the hammering process, it would 
take so “ kindly to this,” to use a common expression, 
that the hammering would be done in the way most 
effectual in reducing the bloom to the required con- 
dition. In this condition the impurities, or the most 
part of them, would be forced or squeezed out, leaving 
the mass of iron as pure Jis possible and free from all 
slag or cinder,” as tho impurities were technically 
called. Tliis obtainment of as pure a quality of 
wrought iron — which in the early times of iron work- 
ing, when the finest ores were almost alone used, was 
often, as wo have already remarked, just as likely as 
not to be of the quality of metal which we now call 
mild or soft steel — depended very much on the 
condition in which the “ bloom ” or ball of pasty- 
like iron was taken out of the furnace. If this 
was not attended to by the workman, who from 
comparatively early times in the history of the 
trade was termed a “ puddler,” or ‘‘ paddler,” from 
the peculiar character of his work, the iron when 
placed under the hammer would, by hissing and 
spurting, or by a behaviour ” which would soon 
become familiar to the workman, show that it was 
nob taking kindly to the process, and would not yield 
a quality of iron of the purity or freedom from cinder 
desired. In such cases the bloom had to be returned 
to the furnace to be reheated, brought to the pasty 
condition, and formed by the workman into the 
required form of bloom before it was again passed 
under the hammer. This failure of the puddler to 
bring the bloom to the anvil in the condition best 
fitted to give the required quality to it after being 
hammered was of course equivalent to a loss of 
tima But it involved more than this ; a loss of metal 
was sure to be the result; and this, however small 
in proportion to the weight of the wliole bloom in a 
single instance, becomes a serious matter if a number 


of blooms were so badly or carelessly treated in the 
furnace. A further evil was likely to arise from 
first carelessness in attention to tho puddling process 
— namely, the loss which might and often did arise 
from the burning or overheating of portions of the 
bloom. All those drawbacks, added to the evident 
loss of time arising from the circumstance, made the 
giving of a bad bloom by the puddler or furnaceman 
to be looked upon as a serious offence on his part, 
which from pretty early times in the trade was 
punished with more or less severity. When tho 
bloom was in the condition best fitted under the 
hammering process to give the desired good quality 
of wrought iron, the metal in the technical phrase 
was said to be “brought to nature” — a curious 
phrase, which however indicates clearly enough what 
is meant by it. If not in proper condition, the 
“ bloom ” was rejected by tho workman and thrown 
back into the furnace, and was itself designated by 
a term quite as or even more singular — namely, a 
“ shadrach,” the derivation of which is obvious to 
those acquainted with the leading facts of Scripture 
history. The furnaceman or puddler, therefore, to 
whom many of those “ shadrachs ” wei*e assigned in 
the course of his daily labour, would not stand high 
as an efficient workman. Tho points involved in the 
foregoing considerations have a most intimately prac- 
tical bearing upon tho manufacture of wrought iron 
as carried on in the modern processes of the trade. 
They indicate that in preparing the bloom or the 
mixss of iron which has to be hammered in order to 
force out as much of its impurities as can be expelled 
by the process, personal attention must be given by 
the workman to what ho is about. It is essential 
that he should closely observe, or to use the popular 
phrase, see what he is doing, so that ho does it well. 
In other words, “ mind ” must be given to the work ; 
for without intelligence, while it may be well done, 
the chances are that it will be ill done, and nothing 
in good work is left to chance where by giving mind 
a certainty may be secured more or less efficiently. 
It is this circumstance which throws such difficulties 
around the propos^ds to substitute machinery for 
the manual labour of so preparing the mass of iron 
in the furnace that it will he taken out only when 
“ brought to nature.” For a machine cannot 
think,’ C4in exercise no powers of selection where 
observation ' and thought are required. And those 
difficulties in the work of the modern ti'ado, where 
a certain complication of processes is met with, are 
difficult to deal with as compared with the simple 
method of taking ithe mass of pasty iron from the 
same furnace in which the ore was reduced. 

The Wrought Iron Manufacture. -The Befining Furnace. 

In the modern method of manufacturing wrought or 
malleable iron the conditions are altogether changed ; 
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and it is those which give rise to the complications 
above alluded to, which make the application of 
machinery to the work of the puddler such a difficult 
problem to solve. This will be more clearly seen 
when wo understand what the process of modem 
wrought iron making is. To help the reader to this 
comprehension of it we now proceed to present him 
with sundry remarks. We have said that wrought 
iron is now produced from cast or ‘*pig iron,” a 
product which was unknown practically, at least 
so to the early iron workers; and we have seen to 
how large an extent pig iron is adulterated — to 
use an easily understood term — by various debasing 
constituents or ingredients chiefly present naturally 
in the ore itself, but also derivable partly from the 
materials of the charge delivered to the blast furnace. 
The piincipal debasing ingredients or constituents of 
cast iron are sulphur and phosphorus; and as we 
have seen in this paper, and as is further explained in 
the scries entitled The Steel Maker,” nearly all the 
attempts made in recent and comparatively recent 
times to improve the manufacture of iron have had 
as their main object in view the removal of these two 
constituents so frequently and in some cases so largely 
present in iron ores. 

Cast, or as it is better known in “ the trade,” pig 
iron, is cliiefly distinguished from other forms of iron 
by its excess of carbon. Roughly or generally defined, 
therefore, the art of making wrought or malleable iron 
consists in getting rid of this excess of carbon. A 
process of oxidation or oxidising has to be gone through, 
and the readiest way to eflTcct this is to place the pig 
iron, in a melted or fused condition, in contact with 
large volumes of air, which, as is well known, contains 
a lai'ge percentage of oxygen. That this process was 
the first which was introduced into practice in the 
making of wrought from pig or cost iron, there is 
every reason to believe. The first form which the 
process assumed was one in which the principal feature 
of the cast iron manufacture itself was reproduced 
— ^namely, the ** blast ” of atmospheric air. The cast 
or pig iron to be converted into wrought iron was 
melted in a special furn.ace by immediate or direct 
contact with the fuel, and in its melted condition 
subjected to the oxidisi|ig effect of the blast of air. 
As the object in view was practically the getting rid 
of the debasing constituents present in the iron, as 
well as in decarbonising it — in other words, refining 
the cast iron — the process was termed that of the 
“ refinery,” or still more briefly the finery,” and the 
furnace employed “ the refinery or refining furnace.” 
Well aware of the influence of the fuel employed in 
the ordinary process of pig iron making, in often 
through its impurities adding to its debasing con- 
stituents the early users of the finery or ‘‘ refinery ” 


took care to reduce to a minimum all chances of this 
kind by using as a fuel, not coal or coke, but charcoal. 
This expensive fuel was however in this country used 
only to a limited extent, and for reasons which will 
be obvious to the reader if he draws to recollection 
what we have given in the early chapters of this 
present series of papers. Its use, however, was the 
rule in the chief seat of the iron works in the north 
of Europe — Sweden, and it is there still employed in 
the manufacture of that form of wi*ought iron known 
to the trade as “ Swedish ” or “ charcoal iron,” and 
which, the best in the market, is generally taken as 
the standard wrought iron, constituting as it does the 
nearest approach to what the best malleable or wrought 
iron is. Various forms of furnaces were introduced, 
but the best form of the “ refinery ” furnace, and that 
which is still used in Sweden, is that known as the 
“Lanciishire hearth.” We give in fig. 4, Plate 
CLXXXIV., a diagram which, while it explains in a 
general way the refining part of the furnace, explains 
also the principle upon which this process of making 
wrought out of pig iron is based. Part of the funiace 
is shown at a a, h is the “ hearth ” or furnace bed or 
bottom, on which the charcoal fuel c is placed, and by 
the combination of which the pig iron or cast iron 
is fused or reduced to a molten condition. The com- 
bustion of the charcoal is intensified, and oxidation 
also of the molten iron is caused, by the blast of air 
forced into the fiirnac’O interior, e, through the tuyeres 
at h and the nozzle g of the blast-pipe f. The air 
may be heated — thus giving a hot blast — by the waste 
heat of the furnace a ah c being passed in contact 
with heating pipes placed in a chamber e shown in 
dotted lines at h, this being immediately above the 
furnace c. The process of decarbonising or oxida- 
tion, and the getting rid of the impurities sxich as 
phosphorus and sulphur, the latter passing out in 
the resulting cinder or slag, was early found to be 
greatly aided by stirring or raising and breaking up 
the mass of molten pig iron lying on the hearth h by 
means of the iron rod, technically known in the iron 
making districts as a rabble,” sometimes called a 
fettling bar ” (the term “ fettle ” a Lancashire word 
in general use amongst the working classes, meaning 
generally to set a thing right, to repair or do a certain 
piece of work). The pig iron in its raw or usual con- 
dition, containing so much carbon, and being thus the 
more easily melted, has, as it becomes molten, a 
tendency to I’un to the bottom part of the hearth, and 
thus become more or less solidified. The object of 
the stirring up of the contents of the hearth or furnace 
h c by means of the rabble or iron rod is to bring it, 
by baking up this molten mass, more and more 
within the sphere of action of the blast in the imme- 
diate neighbourhood of the tuyeres, A. 
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THE TECHNICAL STUDENTS INTEODUCTION 
TO THE OENEBAL FHINCIPLES OF 
MECHANICS. 

Laws affecting Natubal Thenombna — Matteb 
AND Motion. 


CHAPTER XXXIIL 

In describing tlie action of the arrow in last chapter, 
we pointed out that, if merely a pointed rod, while it 
might penetrate an object if it struck it fairly or end- 
on, tlie aim taken with it would be very uncertain ; for, 
however accurate the aim of the archer might be, and 
however straight the line in which the projectile force 
of his bow sent it as it loft his hand, the course it took 
would not be in a straight but in a wavy or zigzag line, 
going first to one side and tlien to another, the resultant, 
or what might be called the average of the lateral 
movements, being a lino which would lead to some 
position aside from the point actually aimed at. And 
this will be understood if tlie young student will 
apply what we have already given on the subject of 
fluids acting on oblique surfaces. For if the rod were 
not actunlly straiglit, but crooked in the direction of 
its line of length, as at c c, fig. «57 {ante), it is obvious 
that each bend would give an oblique suiface for the 
air to act upon, and with the result, as we have 
already explained, of creating, so to say, a force which 
would move the rod either to one side or the other, 
and to which there would be no equal and opposing 
force. But even assuming that the rod was perfectly 
straight, if at any point of its progress through the 
air it swerved in the slightest degree from the 
straight course, the length of rod would then assume 
a position oblique to the right or direct course, as 
shown at the angle d, or that at e. And the con- 
dition of the barb in relation to the weight and 
length of the rod a a would itself be a disturbing 
cause, bringing about the change of the position as at 
d a e. And these positions would give of necessity 
oblique surfaces for the air to act upon, bringing 
about changing forces. Simple as tlie means adopted 
to counterbalance one opposing force with another^ 
and to give a t^teady straight motion to the arrow in 
its flight tln-ough the air, appears to be, the young 
student may rest assured that it would be a long 
period, and only after a patient and sustained 
observation, wliich would tend to the invention of the 
feathered head //, or to the discovery of its useful 
effect in giving precision to the flight of the arrow. 
For, simple as is the application of the principle upon 
which this precision depends, it is as much a highly 
valuable mechanical invention as the windmill or the 
propelling screw — which in reality the feathers /, /, 
of an arrow are. Those feathers do not project 
straight from the rod or arrow, as at g, but have, 
precisely like the blades h, I, in diagram fig. 55 ante^ a 
VOL. IV* 


twist given to them so as to present a series of oblique 
surfaces throughout their length, from the narrow 
end at which they join the rod to the outer end at 
which they spread out or diverge from it. And, as 
in the case of the screw, the obliquity is greatest 
at the narrowest part. If the student will now 
consider the condition of an arrow so provided with 
projecting blades or sails, so to call them, in relation 
to the air through which it is swiftly projected, he 
will perceive that the action of the n.ir on the equal 
and opposing oblique surfaces will result in the rod 
rotating on its axis throughout its course. For as 
the air strikes perpendicularly on the oblique surface 
of one of the featliers, as y* in diagram fig. 57, 
at every point on the surface, and this surface 
moving through the air, the oblique section at each 
point is pushed, so to say, away sideways from a by 
the force ; but as the feather surface is firmly tixe<l 
to the shaft or rod of the arrow, this side motion is 
converted into a partial turning round of the rod on 
its axis, precisely as if it were fixed to but free to 
turn in bearings, and the feather surface pushed down 
by tho point of a pencil pressed upon it. And as this 
pressure of tho air perpendicularly on the oblique 
surfaces of feather / is taking place also in those of 
the feather/' on tho opposite side of the rod or shaft 
a of the arrow, tending to force it laterally away in 
the dmection opposite to that of the surface / the 
rod a, receiving continuous impulses from the air on 
both sides, keeps turning or rotating on its axis. And 
this continual rotation, in conjunction with the con- 
tinued progress through the air in a certain direction, 
the result of the force of the bow, completely neu- 
tralises any influence which would cause the rod to 
swerve either to the one side or to tho other, as at c c, 
and compels it, so to say, to take the straiglit coui*se, 
os shown by the dotted lines centml to opposing 
influences represented by the curved lines on either 
side of it. The archer, knowing that his arrow will 
go straight to the point he aims at so far as it is itself 
concerned — that is, if well made and the feathers 
properly adjusted — has only to allow for certain 
extraneous influences, such as the strength of the 
wind which may be blowing from any pai*ticular 
quarter, and which would tend to carry the arrow 
aside, either right or left, from the mark aimed at. 
And it is upon tho skill with which the ai'cher 
estimates and makes allowance for those opposing 
influences, and notes the peculiaiities of his bow or 
crossbow, that his accumey as a marksman depends. 

Meokanioal Points oonnoeted with Projaetiles. 

When firearms were introduced, in which the 
force of gunpowder explosion in a long and small- 
diametered tube was that which sent the ball or 
bullet or projectile through the air, in place of the 
force of the elastic string or cord of the bow or 
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crofifebow, an altogether new departure in tlie art and 
science of projectiles was made. But although the 
new ** arm ” viewed as a whole, including its mechani- 
cal features and the explosive power, gave enormous 
advantages to the sportsman or the soldier, it was 
very long before these advantages became at all fully 
available ; and it is but yesterday, so to say, in the 
history of science, when it could be said that while 
the gun or the cannon was an arm of j)ower, it was 
also one of precision. And this extra and enormous 
advantage of precision, by which it could be calculated 
with some degree of certainty that the object aimed 
at coxild be hit or struck by the projectile sent 
through the air by the force of gunpowder exploded, 
was only arrived at when men began to study the 
phenomena of the feathered arrow, and to give close 
attention to the principles upon wliich these depended. 
As another suggestion of the value of the lessons de- 
rived from the working out of or all round mechanical 
subjects, it may be well to remind the youthful 
mechanical student that, groat an advance in the 
art of projectiles as the feathering ” of an arrow 
was, it may be taken as certain that the discovery 
was either the effect of accident — or as men call it 


(in relation to the length) small-diametered circular 
hole, a a, diagram fig. 68, made in the interior of the 
iron cylindei* h h. In the early makes ** this cylinder 
was of equal diameter throughout ; but in later ones 
and especially after cast-iron was introduced as the 
material — as the greatest bur.sting eflTect of the gun- 
powder was produced at the “ breech ” or inner end of 
the interior hole or “ bore ” — the cylinder was made 
stronger round the ‘‘breech,'^ and as the explosive 
or bursting force of the ignited gunpowder gases 
got lessened as they travelled towards the mouth 
or orifice of the gun at d, the diameter gradually 
lessened also, thus giving the well-known tapered or 
conical form, as shown in the diagram. But in all 
cases the diameter of the “ bore ** or hole was uniform 
throughout its length, so that the sides were perfectly 
parallel. And to facilitate the progress of the pro- 
jectile along the tube,’* the interior was made as 
smooth as possible. It was a very long time indeed 
before machine tools had got to that point of perfec- 
tion in design and execution which permitted the 
maker of ordnance to bore out the interior, thus 
securing a smooth surface equally all round ; the 
avoidance of all projections, and therefore correspond - 




chance — or of one of those happy thoughts ” which 
come to men they know not liow, and which turn out 
or act when shaped out. they know not why, with 
which the history of practical mechanics abounds. Or 
if the first suggestion was given to a thoughtful man by 
hLs ** observing ’’ something which had before been seen 
or looked at without obsej-vation — which, as we have 
seen, is but another name for thoughtful looking at — 
probably by generations before him, it would take a 
long and careful series of observations before the 
plan of feathering an arrow was completed. And 
although its action was known, the youthful student 
may with almost absolute accuracy conclude that it 
would be long before it was known how the action 
was procluoed, or why it must under the circum- 
stances be so. But when once it was understood that 
the accuracy of the aim of a feathered arrow was 
caused by or dependent upon the action of the air on 
oblique surfaces, which caused the arrow shaft to 
rotate upon its axis, or — to use the popular phrase, 
which is also the technical one — to “ spin,^^ the 
application of this principle to the projectile of a 
<< firearm” was, so to say, comparatively easy. At 
first, and for a long series of years, a gun or cannon 
consisted essentially in a long and comparatively 


ingiy created hollows or indentations, being the great 
object aimed at. The early makers little thought that 
the time wrould come when a very decided yet peculiar 
hollow would form an essential part of a gun oi* cannon 
which should deserve the name of an ^‘arm of precision.” 

As weight or heaviness in the “ projectile ” to be 
hurled with swnft speed and great force against the 
enemy was an essential, the young student will see, as 
he thinks over the peculiarities of the spliere or globe 
— its surface in relation to its cubical capacity — the 
rea.son why the projectile was made, for many a long 
year, in the form of a ball, as at e. It was long before 
the modern foim, shadowed forth at /, came into 
existence. As a ‘‘ knocker over ” of a body opposed 
to it, the ball e, sent with speed and force, was 
effective enough in its way ; but it had no pretension 
to the ofiice of a penetrating ” and breaking up ” 
foivse, such as the projectile shaped as at y possessed. 
And this foim followed as almost a natural result 
upon the adaptation of the “ spinning ” principle of 
the feathered arrow. By giving a projectile, shaped 
lA / in diagram fig. 68, projecting parts or feathers 
at the sides, and giving to these the necessary obliquity 
so as to secure the screw-like twist, when forced or 
driven from the gun or cannon, a rotatory motion 
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round its axis would be produced, precisely in the 
same way as in the case of the arrow, as in diagram 
hg. 67 ; and projectiles on this plan have been pro- 
duced. But objections to a projectile so made will be 
obvious. It would be noticed, in using the old form 
of smooth bore ” (so called) gun, that when it was not 
really smooth and accurately bored, certain irregulai-ities 
in the path of the shot would be produced, giving the 
ball a bias in the wrong direction ; and even with the 
extremest accuracy obtainable by the defective machine 
tools then used, that precision could not be obtained. 
If by any means the ball or projectile could be made 
to pass along the interior of the bore not in a straight 
line — that is, simply driven out along its surface, but so 
that it would travel round the surface of the bore as 
it went along at the same time — the result would be 
a spiral path, the centre of which would be the central 
axis of the gun, and the ball would have in this case 
a compound motion as it flew through the air: a 
motion straight on, derived from the explosive force 
of the gunpowder; a motion round its axis, derived 
from whirling round the interior, so to say. If 
this movement within the boro could be compelled 
by the way in which the bore was formed in re- 
lation to the ball, the spinning ” of it on its 
central axis would be secured. And this was effected 
by what was called rifling’^ the gun or cannon. 
The term rifle is derived from the old French 
or from the German raffen, to snatch away, to sweep 
away ; the word “ groove from the German word 
graherif to ‘‘ groove ; and by cutting the groove in the 
interior of the bore so that it went round its surface 
in a continually changing direction, a spiral path or 
channel was formed, as shown at h in diagram o. 
This channel or groove runs in what is called an easy 
cui ve, the convolutions being the reverse of quick or 
sharp ; in other words, the pitch of tlie spinil is very 
long. To place the ball or projectile within the 
influence of this gioove, it is necessary that it should 
have a grip or hold of it : if as at i, it is obvious that 
the ball would simply slide along over the groove, but 
if furnished with a projecting part, as at the ball 
would be compelled to follow the groove, and thus be 
made by it to whirl round the bore or barrel. In 
small fli’earms which are rifled the ball is of lead, and 
it is made a little larger than the true diameter of 
the bore ; and under the pressure of the forcible 
ramming down — in the case of ‘^muzzle-loaders” — 
the lead bulges out and naturally recedes into the 
groove somewhat, as* at thus giving the ball a 
hold or grip of it, so that it is compelled to follow 
the line of groove or “ rifling ” of the gun or cannon ; 
in the case of “ breech-loaders ” the ball, a little 
larger than the bore, is placed in the breech, and the 
force of the gunpowder explosion drives it out, so that 
part is bulged out into and takes hold of the groove. 


Matter.<->BodiM.— Materiali. 

The youthful student will, by the time at which 
he arrives at the present stage of our inquiry 
into the phenomena of bodies considered in relation 
to what by common consent it is agreed to call 
their mechanical properties, see clearly that those 
phenomena are all — to use the only expression which 
is open to us — created, and are controlled in their 
various conditions by the twp great laws of nature 
— attraction and repulsion. The student will have 
also learned, although somewhat contrary to popular 
notions, that to the varied conditions in which what 
is called matter is met with, the sitme term body is 
alike applicable, a gas or common air being as much 
a body as a solid mass of material, like a stone or 
a piece of wood or a lump of metal, to which the 
popular mind has no difficulty in applying the term. 
He will by this time Imve further learned that the 
conditions of bodies to which we give the names of 
solid, liquid, and aeriform or gaseous, are merely 
relative, — that while one condition is the ordinary 
or normal one of the body, we may, by changing 
the circumstances under which those bodies are 
placed, change their conditions, so that the same 
body which is solid now can be made liquid, or if 
liquid be made aeriform or gaseous, and that an air 
or gas may be made liquid. But while aware that 
those varied conditions and such phenomena as they 
present {phenomena from the Greek phainomenon^ and 
this from phainomah to appear : phenomena are thus 
things which have an appearance or what can be seen 
or “ looked at ”) are all manifestations of the two 
great laws of attraction and repulsion ; still a know- 
ledge of all the conditions in which matter exists, or 
which it may be made to assume, and still more a 
knowledge of the limits within which those changas 
may be made, is what the youthful student cannot 
possibly be supposed to possess, and what is possessed 
indeed only by the leaimed few. And of those it has 
in truth to be said that, great as their knowledge 
appears to be, and indeed is, as compared with that 
possessed by the great majority, there is a point in 
the investigations of physical phenomena beyond 
which they have not been able to go; and of what 
exists or is or may be on the other side of that point 
they are constrained to confess, all reluctantly though 
it be — for the pride, and we may say the presumption 
of some scientific men, is by no means small — that 
all they know is that they know nothing, and still 
more reluctantly have to admit that the almost 
certainty is that they never will know anything. 
Nevertheless, though this be the case, and it is well 
that all scientific men should be what the true 
scientific men — the followers and disciples of Bacon, 
of Newton, of Faraday — always are, humble, what 
men do know through scientific men having found it 
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out is in its amount so great, and in its characteristics 
so valuably practical, that we owe to it all we possess 
in the way of work actually done, material wealth 
and prosperity secured. And although there be a 
limit beyond which it is not ordained by an All-wise 
Creator that man should go, that limit is so far beyond 
what man has yet reached, that the truths yet to be 
made clear, the facts known, the phenomena displayed, 
are likely to be as infinitely more numerous, as they 
will be more beneficial to man, than those hitherto 
found out and exemplified have been. And with a 
field so vast lying still unexplored before us, and with 
a potentiality of utility beyond the dreams even of the 
most sanguine, one would indeed be foolish to waste 
time in vain regrets that there is a region beyond 
into which it seems destined that man shall never 
enter; still more foolish that, this being so, ho will 
nbt work in the field he has at least possession of, 
because there is one which he is never to get. What 
men have done before him, what they are doing now, 
the young student can do also ; or, if he cannot 
compass work of the same high character as that they 
have succeeded with, he can at least do something 
which will be useful to himsfjlf, if not to his neighbour, 
— and for the matter of that no man can do well for 
himself without benefiting in some way his neighbour. 
By dint, therefore, of that close and careful observa- 
tion, on the value of which to him in his daily work 
we have already drawn the attention of the young 
student in mechanics, and with the added all-essential 
element of equally close and careful thought — think- 
ing things out, thinking them all round — he will be 
able to acquire a knowledge of the peculiarities and 
what may be called the mechanical values of materials, 
of the greatest use to him in his daily work and 
practice. We have said that the conditions in w^hich 
substances — or to use by way of prefei^ence the better 
term, materials — are met with are purely relative; 
that is, they are dependent for their peculiarities, for 
the time being, upon the relation which the natural 
laws have to them. But it is a fortunate thing — we 
prefer to say that it is a well and wisely ordered 
condition of Creative Wisdom — for man that the 
normal, ordinary or natural condition in which what 
are called the materials used by the mechanic is pre- 
cisely that condition which fits them for his purposes. 
Thus, although we have in a mass or heap of 
rrranulated material the very same constituents of 
which a mass of freestone or of granite is composed, 
it is obvious that for all the ordinaiy work of the 
mechanic the sand or granulated condition would be 
of little use to him for constructive purposes, and it 
is only when the same substances or constituents are 
in a state or condition of coherence — that is, in which 
there is that close cohesion ” between the particles — 
that they are valuable for those practical purposes. 


And it is this condition — relative though it be never- 
theless to the controlling influence of certain natural 
laws — which is the normal, ordinaiy, or, as men phrase 
it, the natural one in which the constituents of stone 
are found. Again, though a mass of iron in a melted, 
molten, or fluid condition is precisely the same as 
regards general constituents or particles as the mass 
of iron in a solid condition, still it is obvious that 
for the general purposes of the mechanic this molten 
state would not be useful. But the widest range of 
purposes is at once secured by the ordinary, normal 
or natural condition in which the iron constituents 
are found — that is, in their solid state. But the 
thoughtful, though it may be the youthful student, 
will perceive the value of the very fact involved in 
what we have said as to the lelative condition of 
materials; for it gives to man the power so to 
avail himself of natural laws that, by certain modes 
of applying those, he can change the condition of 
materials so that the very changes will conduce to his 
convenience. We here only allude to this in a general 
way; but in noticing, as we are about to do, a few 
of its leading characteristics, the student will see its 
enormous value to the mechanic — a value which it is 
impossible to overestimate. This controlling power, 
so to call it, exercised by natural laws brought into 
operation in certain ways, is that which modifies the 
conditions of all materials, and brings into existence 
all their characteristic features. And the youthful 
student who is only beginning to investigate the 
materials he has to deal with, the more closely 
he carries on his inquiries the more startling will 
be his discoveries ; the more clearly will he see that 
what at first sight seem to be fixed and unalterable 
conditions of materials are merely what may be called 
temporary, and may be so altered as to place within 
his reach uses for the materials of which at first he 
had no conception. It was remarked, for example, by 
a profound thinker that weeds, which farmers look 
upon as the pests of the land, served a useful purpose. 
In tins he did not so much refer to the fact that 
some day science would show — as he believed it would 
show — that the weeds which grew so readily hod in 
themselves a very high value for some purposes of 
which at present we had no conception, as to the 
fact that, growing so freely, they compelled good 
farming ; for the best methods known to the farmer 
to get rid of them are precisely those which improve 
the soil and facilitate the good growth of the crops 
which the farmer desires to cultivate. In like manner 
it may be said of the materials which the mechanic 
has ^ command, presenting features in their natui'al 
or Wdinary condition which have to be got rid of 
before they can be made available for certain pur- 
poses, or to be so changed in character that new 
properties are given to them by the mechanic. 
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THE OEAZIEE AHD CATTLE BBEEDER AHD 
I'EEDEB. 

The Technical Points connected tjtth the Varieties or 
Breeds of Cattle — Their Breeding, Rearing, Feed- 
ing, AND General Management for the Production 
op Butchers’ Meat and of Dairy Produce. 

CHAPTER XXVI. 

In disctiBsing the subject of succession of grazing fields 
in use, begun in last chapter, we observed that by 
the arrangement described, the system formed a 
cycle always returning into itself, the fields being 
in a condition of continual advance, beginning say 
with No. 4, passing up to No. 3. From No. 3 
they pass up to No. 2, when tliey reach the rank 
of first class, or best stock ready for market, or to 
be finished off with house or box feeding with arti- 
ficial food and soiling. The field occupied by them 
when they are taken off it is thus passed to the 
position of No. 1, where the grass is allowed to 
grow. The length of the period during which this 
growth is permitted to go on will depend upon a 
variety of (circumstances, — such as the quality of the 
soil and of the grasses, the manurial condition, and the 
style of culture adopted, as well as the character of 
the climate and also the locality. For in regard to 
the latter point the grass of a field will grow more 
quickly and thickly where the field is sheltered 
from than where it is exposed to cold, biting, or per- 
sistently strong winds. In some districts, and with a 
good and carefully carried out system of cultivation, a 
few weeks will give a fuller bite ” of grass — that is, a 
stronger crop — than months will give in another dis- 
trict, and with a bad or indifferent system of culture. 
While climatic and local circumstances are important 
factors in tho problem of grazing, it should be borne in 
mind, as a fact most encouraging to the practical Inan, 
that the untoward influences of climate and locality 
can be greatly modified and improved by a caiefully 
carried out system of cultivation and general manage- 
ment. We have abundant evidences of the truth of 
this in several districts of tho kingdom ; some of which 
possess a much higher condition of farming, although 
with a bad or untoward climate and poor soils, than 
other districts where, with a much better climate and 
soil, cultivation is careless and g(x>d systems com- 
paratively unknown. The inexperienced reader will 
note that we have coupled a good system with its 
careful carrying out, as marking two essential things 
which are yet different, though they are frequently 
looked upon as one and the same thing. This they 
are not, for one may possess a good system, yet it will 
be of little service if not well and carefully carried 
out by him. 

HaMti of the Animale themielvei, as greatly inflneneing 
Management of the Oraiing Fields. 

How careftilly the grazier must carry out his 


business, and how many are the circumstances con- 
stantly demanding his attention if he desires to be 
successful, we have to some extent, in preceding 
paragraphs, shown. But we have not yet exhausted 
all the points to which his attention will bo I'equired, 
and should be given. It will not be enough that 
he makes the best of his land by cai'eful and good 
cultivation ; that he chooses with judgment tho breed 
of stock best adapted to his land and locality, and 
selects with skill the best specimens of those breeds. 
His powers of observation will be called into continual 
requisition, by which he will be able to discover many 
points connected with the habits and peculiarities of 
the animals he possesses, which, if attended to, will 
contribute in no small degree to his success as a 
grazier. The very point whicli in last paragraph we 
were considering — namely, tho length of time given to 
the pastures to recover, and aflbrd a good bite ” for 
that which previous feeding off has taken from them, 
is in itself infl\ienccd by the habits of the animals 
which are to bo grazed on the fresh -grown fields. Tho 
point may not have suggested itself to some, but each 
animal has its own peculiar way of eating, its own 
likes and dislikes as to the character of the food. Let 
the inexperienced leader observe a cow at feed, and 
he will perceive that it uses its tongue in a curious 
and singularly effective way in drawing, as it were, 
the grass into its mouth. The teeth are not tho 
direct and immediate instruments, as in tho ciise of 
tho sheep, which, observation will show, use their 
teeth directly in nibbling at the grass. A close short 
sward will thus aflbrd a good bite for sheep, as also 
indeed for the horse, which will be a poor one for 
(tattle and cows. A good length and fulness of gnuss 
is therefore essential to tho quick and steadily pro- 
gros.sive fattening of cattle or of cows. True, they 
will find food in a poor short-swai'd field, but it will 
be found only at the expense of their condition ; and if 
they have the choice, they will feed only off tho giass 
best suited to their habit of eating, and hunger alone 
will drive them to eat off land which gives grass 
unsuited to tlieii’ habit ; and tlie reader who has 
paid attention to what, in a preceding chapter, we 
gave on the habits of animals, and how those minis- 
tered to their good fattening or feeding, or the 
reversq, just os their habits were or were not attended 
to, will here' perceive that if cattle aie compelled by 
short supplies of food, or if food bo coinparativcjly 
plentiful, but is in that short condition of growth 
or of that quality which does not suit their stylo of 
feeding, they cannot possibly moke rapid progress in 
fattening. Hence the absolute necessity to see that 
the pastures have suflident resting-time to q^quire 
that growth of grass known technically as a “full 
bite.” We have said that this will depend upon the 
cimimstances we have named, to which also this other 
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must be taken into account — namely, the season of the 
year ; for it is clear that growth will not be so rapid 
and full in the winter months as in those of high 
summer. Some graziers armnge the management of 
their pastures so that, with the four-course system we 
have in this chapter described, the whole year is divided 
between the four sets of fields : thus, the field or fields 
which are begun to be eaten off in October are pas 
tured throughout the winter more or less continuously 
according to the state of the weather — which may be 
open ” or, on the contrary, very severe, and up 
till March. Fields set aside to rest or grow — techni- 
cally called laid ” — at the end of February will be 
ready to be depastured about May. Those laid in the 
latter month, indeed, requiring now a shorter time for 
a full bite to be obtained, will be ready to be gi-azed 
as early as June; and those ‘Maid” in this month 
may be ready for pasture, if the season be a good one, 
by the middle of August ; while those laid in this latter 
month will be ready for the October grazing, — thus 
returning to the same period of the year at which the 
system was started. Tliose pei iods here named are not^ 
of course, to be taken as absolute, even in the same 
locality, one season after the other; for it will be 
found that in almost every season circumstances will 
crop up which will demand a modification of the 
general system. But w’hat we have given will convey 
to the reader a fair notion of the principle upon 
which the system of field or pasture management is 
based ; taking care to remember that attention will 
be perpetually demanded from the grazier to find out, 
so to say, what those circumstances are which demand 
some modification of the system laid down. 

Pasturing of Sheep with Cattle. 

We have already referred to the demand which is 
made on the powers of observation of the grazier by 
the varied circumstances of his practice, and alluded 
to more than one point as illustrative of this. Tliis 
may be further exemplified by a fact which the 
grazier will find in his practice as closely affecting 
the system on which his pastures are to be managed. 
We have already noticed that the different grasses 
and plants — these latter not grasses properly defined 
— are differently favoured by diflerent animals of the 
farm, the favourites of one being disliked by others. 
This fact it is which decides the grazier to have his 
fields pastured not by one class of animals alone, such 
ns cattle or cows — which would of course only feed 
off that which they liked — for the proverb is well 
illustrated in such a case “ that you may take a horse 
to the water, but you cannot make him drink.” 
Hence sheep are turned in along with cattle and 
horses in some cases. The sheep will find abundant 
food it, the short grasses, which they can nibble at 
with their teeth, but which the cattle and the cows 
will pass over, as they are too short to suit their habit 


of eating. The plants, moreover, which grow spon- 
taneously, natural and to the, soil, which are left by 
the cattle, are discovered readily by the sheep. But 
there is more than this in the point we have under 
notice in modifying the system of pasture manage- 
ment; for it is found in practice that the very 
same grasses and plants which animals will eat at one 
period and thrive upon will be shunned by them at 
another period. Why, wo do not know; but it is 
facts with which wo have in life to deiil, and this is a 
fact which must not bo overlooked by the grazier. 
So that even if he pastures with one class of animals 
only, he must not decide that he will thus have all his 
fields equally fed offl But if deciding, in view of 
what is here said, that the best plan will be to have 
his fields grazed with a variety of stock, he should 
have this important point also in view, — that os quiet 
is essential to rapid and economical fattening, this quiet 
is almost certain to be disturbed, more or less, by the 
practice of putting up animals of different kinds ; for 
while the habits of one class will dispose them to 
feed or be at rest, those of another class will incline 
them to bo playful, or, as is often the case, wantonly 
and mischievously disturbing. Nor is this inequality 
of disposition noticeable only in animals of different 
kinds, for it is not seldom manifested in stock of the 
same class. This is especially seen in the c.aso of 
young stock pastured with older animals. While 
some old cattle show a positive liking for not merely 
one another of the i§ame age, but for young animals, 
which is in many cases most touching and expressive, 
some will persecute young stock to a very painful 
extent. This is very noticeable in the case of pig 
feeding — and more noticeable perhaps because they 
are more under the eye of the feeder than are 
cattle or sheep pastured in a large space; but not 
seldom, where the feeder has been careless, have pigs 
been nearly — in some cases quite — starved to death, 
from some older and stronger pig beating them 'off 
from the feeding trough. The truth is — although 
it is not very palatable to man, who is apt enough to 
consider that he is in all things the superior animal — 
that animals ai^e in many respects very much like our- 
selves ; they have their own characters, their likes and 
dislikes; some are gentle and good-natured, others 
are peevish and cruel. And the grazier who is most 
successful in his practice is he who looks to all points 
connected with it, and does not disdain to consider 
that his animals are something more than the mere 
machines or media by which he can convert food 
into flesh, which some graziers seem to think they are. 
In thft lower as well as in the higher aspects of the 
quesmn, the truth of the Scripture saying or text is 
abundantly verified : “ The merciful man is good to 
his own soul ; but the cruel man troubleth his own 
flesh.” 
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THE’ UACHIKE HAKEE OB OElfEBAL 
MACHINIST. 

Special Examples op his Work— Its Leading Tech- 
NiOAL Principles and Details. 

CHAPTER TX. 

Referring to the statement made at end of preceding 
chapter, that to know a subject is the legitimate, 
the only true end of all study, this brings us at 
once fairly in front of the various considerations 
connected with tlie practical education and training 
of the machine maker or general machinist who 
has to gain his livelihood by liis work, to the essen- 
tial importance of which we have already alluded. 
The tendency above noted of the mere student of 
machine science — and it holds equally true of other 
sciences on which practical trades are founded — is so 
far as it goes based upon a correct estiniate of what 
science is, but it does no > go far enougli. It stops 
short of just the point which gives to science its truly 
practical value — in one sense its only practiail value — 
namely, that which makes it available in the actual 
work of daily life which lias to be done, and to w’hich 
work the science is adaptable. Taking the strictest 
view of the case, it is quite true that the science of 
any subject is simply the knowing what that subject 
really is. The very term ^‘science,” or ratlier the 
derivation of the term, indicates this — it being d(.‘rived 
from the Latin verb scire, to know, our word science 
coming directly from the Latin scientas, and this from 
sciciis, the present participle of the verb : scienUts, 
knowledge.*’ And it will be a fortunate thing for the 
student merely as such — we may here remai-k, and the 
remark may be taken as a gnive hint or warning — 
if he always bears this derivation of the term science 
in mind. If he does he will be saved the mental 
disturbance, and, what may by some be considered of 
greater importance, the loss of time which would be 
the consequence of his giving heed to those ‘ ' will of 
the wisps ” called “ theories,” os to points connected 
with the science of machines — theories which are based, 
or attempted to be based, upon what are in reality 
fancies, inasmuch as they are not facts, for facts are 
things arising from what we *^know.” And those 
theories we have alluded to, and to which not a little — 
we frankly confess to feeling too much — attention has 
been paid of late, are based upon, or depend for their 
so-called truth upon, what may be conjectured,” but 
which from the nature of things can never be 
‘‘ known.” Now, true science — and, as we have seen, 
the word moans hut one thing only — has only to do 
with what is known, or with what can be known ; it 
in no wise troubles itself with what common sense, 
indeed, tells us cannot be known — at all events is 
not, with our present condition in relation to nature 
and her laws, capable of being known. This condition 


may be changed, but till it is so the man of true science 
deals with facts only — things known — not conjectures 
which are mere descriptions. And it is this true 
science alone which bas given us all we possess in the 
thousand-and-one mechanical aids or helps in the doing 
of our daily work in all its varied and ever- varying 
work. 

Work,” in its Special Application to Practical Mechanics. 

But it is this very element of work which makes 
the pmctical education and the training of the 
machine maker or general machinist something more 
than merely knowing — the science is, of course, 
essential, and this is not likely to be denied in the 
present pages at least — but thei’e is a vast deal more 
required before the student can be trained or made 
into the successful machine maker or machinist. A 
man may know, and thoroughly, what his work is, 
and upon what it is based ; but this knowledge comes 
to bo of real use to himself and to his fellow-men only 
when it is applied to the actual doing of his work ; 
and this doing obviously implies that he knows how 
to do it. And it is in the ‘Miow ” that the difference 
lies between the man who is successful and the one 
who is not. And with this how ” not one, but 
several things, are concerned, and these form as 
much an essential part of the practical education and 
training of the machine maker and geneial machinist 
as knowledge that is an acquaintance with the 
science. That this is in every practical sense true, 
every practical man knows. There is not one who has 
had a wide experience of Avhat the woi’k of the 
machinist is, but is convinced beyond a doubt that 
that work will only, can only, be successful when the 
various points which influence true success are secured 
by the practician. And it is of little use, seeing wo 
have to deal with facts in this world, to ignore all 
those points which go to secure a knowledge of the 
how ” to do work, to SJiy that because they are not 
in the ordinary sense of the term scli clastic, or, as we 
might perhaps in a cleai’cr way put it, because they 
do not form part of the usual course of study in the 
technical class, or are made special points of in special 
lectures, therefore they should not be noticed in a 
special treatise like this. The very fact that these 
points connected with the ‘‘how” to do work, which 
every man of pioctical experience in work know s to be 
absolutely essential to success in the doing of it, do 
not form part of scholastic study, or what is now 
called a “ course of technical education,” is to our 
minds the most urgent of all reasons why wo, at all 
events, ought to draw special and earnest attention 
to them. They either do or do not exercise a very 
powerful influence upon the success of the general 
machinist : if they do, then all the more reason for 
drawing here the pointed attention of the technical 
reader to them. And this we venture to maintain : 
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that there is not a practical man who knows what 
work is, and can do it, who will jissert that the points 
in the “ how ” to do work we have alluded to are not 
essential. They know, what is the actual truth in 
the world of work, that true success cfinnot possibly 
be obtained without attending closely to these points. 
And by the word success we mean not merely the 
business or tiade success involving the making of a 
good living, or of money, but in the designing and 
the constructing of machines which give the best 
woi'k in the clieapest way. The nuichinist in his 
stu<ly may get along well enough without taking 
into consideration “ men ” and materials,” but in his 
every-day life and woi-k he will find that they 
constitute very hard and striking facts, Avhich, if he 
would, he could not dispense with, and wotdd be 
wrecked, so far as success in life and work is con- 
cerned, if lie tried to dispense with them. 

The Power of Observing an Important Factor in the Training 
of the Machinist. 

Viewing the gre^it truth that all the work which 
has been done in the way of devising and constructing 
machinery has been based upon facts — that is, objects 
existing, and the laws whicli govern the various 
conditions in which those do exist, or are, both the 
objects and the laws which govern them being 
capable of being ‘‘ seen ” and known ” — ho who 
first stated that mechanical engineering might be 
defined as the “ science of observation or seeing ” 
hit upon a definition which conveys, if not the wliole 
of the truth, at least so very much of it that it may 
be accepted as practically true. And its practical 
trutli is corroborated by the experience not only of 
the present day in mechanical work, but by the 
whole of the experience of the past, since the period 
when man discovered and availed himself of those 
helps in the doing of Jus work to which the name of 
mechanical is generally applied. By this term every 
one, even the traditional schoolboy, knows that it 
is something whicli is added to the primary means 
of doing work — namely, the hands — by which tlie 
manual labour, in this case truly so called, is aided, 
and the power of the body, or of some other power, 
as that of wind, water, steam, or electricity, Ciin be 
applied to the performance of a greater amount of 
work than the mere hands could accomplish. Like 
many other epigiammatioal definitions of practical or 
of technical work, this, which makes mechanical 
engineering in general, and (as the greater includes 
tlie less) the work of the machinist, to be in fact 
the science of observation or of seeing, has no doubt 
an element of exaggeration, or what may even 
be called paradox in it. But he who first used it 
must have had abundant reason to know the value 


of the great practical truth which is embraced within 
the terms of the definition. And if it was true in 
the earlier days of the profession, it is still more 
pregnant with truth in tho times we live in. And 
tliese timas possess this curious characteristic, — that 
while the field of observation is now, as compared 
with that existing but a few years ago comparatively, 
enormously extended, and tliis through the great 
accession of examples of practical work, the very 
number of the special applications to almost every 
branch of industrial woi*k would seem to preclude tho 
[lossibility of finding out now, or of widening the 
application or improving the details of old inventions 
and work. In other words, engineers of late years 
have done so much that it appears at the first glance 
of the whole subject that little remains to be done 
either in tho way of discovery or invention of new 
or the improvement of old and established work. 
But if this appeal^ to narrow the field of observation, 
it makes the necessity to exercise a keener and closer 
observation all tlie greater. But this straitening of 
the boundaries of woik is only apparent ; in reality 
it is all the more widened. For, as exemplified in 
many subjects treated of in the pages of this work, it 
is a peculiaiity of a new discovery or invention that 
it gives rise to the creation of new machines and 
appliances, whicli are necessitated by the very require- 
ments or demands of the new department. It N^ oiild 
be easy to cite instances of this other than those 
alluded to more or less specifically in our pages ; but 
those of our readers whose practical connection with 
the work of the profession has extended over but 
even a few years must have had within the range 
of their experience more than one example of the 
striking truth of the characteristic of what we have 
here advanced. A characteristic so striking, and 
apparently so attached to all progressive movements 
in the art, that it may be said with almost absolute 
accuracy that there is no new discoveiy or invention 
which itself creates what may be called its own 
primary machinery, but what requires more or 
less speedily the application of other machines or 
mechanical appliances to supplement it and make it 
more or less perfect. The field, therefore, of observa- 
tion, in place of being narrowed with reference to the 
creation of new and of better work, is absolutely 
just all the more widened. And this not merely in 
the sense that because examples of work are now so 
multiplied there is a vast addition to the objects to 
be observed, but in the veiy much higher, and for 
the purposes of life much more practical sense, that 
the^emand for further work is just so much the 
grJfter. The truth of this position will not be 
disputed by those who know what the profession 
has been in past and now is in present times. 
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Thb Pbinoiples and Pbactioal Details of his Wobk 

CHAPTEK XVI. 

In continuation of the method of setting out brick 
archoa, as illustrated in fig. 5, Plate CXXIX., and 
commenced in last chapter, we have to say that the arc 
h i is to be bisected in the p jint and from^* a line 
drawn to point g\ the part ^ A? of this is one of the joints 
of the arch. To find the next lowest joint, from point 
/*, with any radius, describe the arc Am, cutting the 
linos mfd, Ifcy drawn through f to centres c and d. 
Bisect I m in and draw nf\fo is the next joint. 
The next is found in like manner, by drawing from 
the point c the lines eCy e d, extended beyond the 
extrados as before, describing from e as centre any 
arc, as p < 7 , dividing it in ?* into two equal parts, and 
drawing re,se being the joint. 

Another and strictly mechanical way of finding the 
joints, which will have a direct relation to the curve at 
the various points, is also shown in fig. 5, Plato CXXIX. 
Take any flat ruler or straight-edge and mark off its 
edge, the two points u, giving a distance equal to a v, 
w^liich is half of the span or width of the arch. By 
making the two points, as t and w, always coincide — 
first i with one of the divisions in the intrados a c, 
marking off the brick thicknesses, as t v w; next 
the point u wdth the centre line bvx, A line drawn 
along the edge of the straight-edge will give the line 
of joint as t y. The next, as v is obtained in like 
manner by making i and u respectively coincide with 
point V and the lino hvx. 

The methods illustrated in figs. 3, 4, and 5, 
Plate CXXIX., give joints w’hich make the ends of 
the divisions at the extrados of the arch wider at 
ihe ends than at the ends nearest the intrados. This 
must indeed necessarily happen in all forms of arches 
in which diverging lines are met with more or less 
pronounced. Thus, while the end fe in fig. 5, 
Plate CXXIX., is the thickness of a brick, the end 
o 5 is greater than this. Now, as a brick is uniform 
in thickness, when two are laid together to suit 
diverging lines, as 0 /, o the outer ends must be 
sepamted, as shown iktlhm in fig. 3, Plate CLIV. 
Thus, let ah c d, fig. 3, Plate CLIV., be the edge 
of a brick — that is, showing its thickness, which 
is of course the same at the end ah as at c d. 
Now, if the shape of the part of the arch betw^een 
two lines of joints — say, such as e Sy f Oy in fig. 5, 
Plate CXXIX. — be such as shown by the letters 
a e c dy fig. 3, Plate CLIV., then it is obvious 
that the part to make this shape complete, which is 
lacking, as yre see, in a 6 c dy must be made up by 
some body or substance indicated by the wedge-shaped 
dotted part ch e. This substance in practice is the 
mortar or cement. This is further .shown in the 
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lower part of the diagram in fig. 3, Plate CLIV., 
w'hich represents in an exaggemted form part of 
a brick semicircular arch, — here the parallel -sided 
bricks being placed at their inner ends, as t/, tJk, 
quite close to each other, must have their outer ends 
separated, leaving angular spaces shown by the dotted 
parts representing the mortar or cement. It is 
obvious that this defect is more pronounced in a small 
curved arch than in a large one. Where good cement 
is used, such as Portland, and which will set as hard 
as the bricks themselves, good solid construction will 
nevertheless be secured. It is needless to say that 
this defect in the setting of brickwork arches inherent 
in the very nature of them from tlie unvaiying size 
of the bricks, is a serious evil whei-e bad mortar is 
used for filling in and making good the joints. With 
this it is impossible to get anything like a solid arch. 
As we have already said, biicks are often cut or 
rubbed so as to assume somewhat of the form indi- 
cated by the setting-out of the lines in the methods 
we have illustrated. Thus, a brick may be cut so as 
to take the form as at o in fig. 3, Plate CIjIV., and 
two placed together as at and q would fill in the 
sp.ace of the shape shown — though here there would 
be a joint showui in outside or fine work. The 
dotted lines in 0 and p show^ the biick-on-edge view 
complete. 

Ornamental Brickwork. 

In the preceding chapter we have discussed the 
suhje(!t of brick as a building matcndal as contrasted 
wdth stone. We have also explained the principles 
upon winch the practice of bricklaying or brick- 
setting is based, and have ilhistnited and described 
the methods in use as applied to walls and other 
structures, these embracing that important department 
of what may be called ordinaiy or jdain brickwork 
We have now to follow all this up by glancing very 
briefly at the ndxt depaitment, ornamental brickwork 
or ornamented brick construction. 

This the reader will observe is to bo distiuguishod 
from architecturiil effect, or wdiat is popularly and in 
one sense correctly enough deli nod as architectui'al 
or building design. This may be obtained by the use 
of brickwork, as it is secured in the employment of 
stone, simply by the arrangement, plan or design of 
the building, which will give an elevation or external 
appearance which will be pleasing to the eye. But 
while this gives the element of architectural effect, 
or wliat we call design, it gives it solely through the 
medium of the geneml mass — the surfaces of the 
material employed being perfectly plain, that is, devoid 
of what is generally known by the name of ornament. 
Of this element of ornament, the building, whether 
of brick or of stone, may be perfectly or absolutely 
destitute. It is not necessary hero to enter into an 
explanation of what constitutes ornament ; what can 
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be said of it will be found in the series of papers 
entitled *<TLe Ornamental Draughtsman/’ Form and 
Colour as applied to Decorative Design/’ — and with 
reference to certain special subjects, such as the work 
of the cabinet maker, the worker in iron, wood, and 
stone, in the papers entitled The Cabinet Makei' ” and 
“ The Ornamental Worker in Wood, Metal, and Stone.” 
All that is necessary for our present purposes is to 
point out that anything added to the otherwise plain 
surface of a mass or body of material employed in 
the construction of a building, which gives a certain 
arrangement of lines straight or curved, or a com- 
bination of both, is termed ornament. This added 
attribute to building material of any kind may either 
he applied at isolated parts of the structure, at intervals 
greater or less in amount, or be applied to cei*tain 
parts in continued line or mass. This effect of 
ornament may be obtained in various ways : either 
by giving to an otherwise plain surface in the stmso of 
its profile or section a certain contour, form, shape, or 
configuration, as instanced in what we call a moulding” 
(see the plates in *'The Ornamental Worker in Wood^ 
Metal, and Stone”); or it maybe spread over the? 
w^hole suiface, as of a block, or the united surfaces of 
a coritiniAcd series of blocks, in the form of decoi-ation 
knovm as “ relief,” that is, projecting from the siirl'ace, 
and produced by the art of carving ; or it may ).)e pro- 
duced by purely surface effects, either of arrangement 
of coloured surfaces or by surfaces specially filled 
in with designs exhibiting straight and curved lines, 
or a combination of both, and whicli are produced by 
the arts of the ornamental draughtsman or of the 
painter. 

Any one of these eflects, or all of them in 
combination, when applied to a built structure, are 
in technical work said to constitute construction 
ornamented. But this efiect, whicli is thus obtained 
by decorated mateml, may be, and often is, applied 
to structures which have no pretension to be so 
considered, and in reality possess none of the features 
of what constitutes arcliitectural effect or design ; 
although per contra, as we have seen, a structure 
may possess much of this latter effect, and strike the 
beholder with a sense not only of fitness for the 
purpose for which the stnicture has been built, but 
of beauty, grandeur, and even of sublimity, without 
possessing any one of the attributes obtained by the 
use of what we call ornament or decoration. 

From the very nature of the material, or rather 
from the form in which the material is univerisally 
made, differing as it may and does difler in 
different districts and countries in dimensions, brick 
is not capable of being dealt with or manipulated and 
worked in the way stone is. Stones employed in 
building can all, with greater or less ease, be cut by 
tools so as to give to blocks of indefinite size and 


possessed originally of plain sides at right angles or 
oblique to each other, certain contours or profiles which 
will give them final forms which are truly ornamental. 
And stones can be quarried and cut into such bulky 
masses as to give wide, indeed comparatively large 
expansive surfaces, upon which designs in relief can be 
cut or carved. Stone, then, lends itself with, on the 
whole, wonderful ease and ready adaptibility to the 
purposes of ornamented or decorated construction. 
Hence, in all buildings in which ornament — using 
the term in its ordinary sense— is an attribute or 
peculiaiity to bo added to the effects produced by 
architectural design proper, stone is the material 
employed. What can be done in treating it orna- 
mentally or decoratively, thoie are abundant examples 
of everywhere around us. Whether all these are 
examples of what is pure in architectural taste is 
another question, on which the reader may find some 
l omiirks of a more or Jess suggestive character in one 
or other of the paper*s i‘eferred to in this chapter, or 
in that entitled The House Planner.” 

Brick, unlike stone, is not cjqiable of being specially 
cut so as to give an ornamental fonn to its section, 
nor provided with ornament in relief on its larger 
surfaces : it is too liard and generally too brittle, and 
of far too small dimensions, to be so treated. Orna- 
mentation or decorative efiect, then, in brickwork has 
to be obtained in a way or ways specially applicable 
to tlie peculiarities of the material ; and those, from 
its very nature, are limited both in number and in 
scope. So far as form, profile or section of bricks is 
concerned, something can be done so that certain 
decorative effects may be produced by their use, 
either singly or in conjunction — generally the latter. 
But what has been done, at least in this country, has 
been very limited in character and scope. The chief 
of the forms used here and on the Continent will be 
presently illusti-ated. If we wish to see of what 
forms individual bricks are capable, and how decorative 
effect Ciin be obtained by their combined use, we must 
go to the Continent, It is there that the finest con- 
struction in brick woi’k is to be met with — not merely 
in the smaller structures of domestic life in town or 
country, but in the gigantic buildings of a public 
character, chiefly in churches. But while examples of 
fine work done in our own day can still be met with, it 
is to the works of the old bricksetter we must go, to 
become convinced of the truth that brick is a material 
as capable of giving high architectural and decorative 
effects as it is one which gives construction of the 
sti'ongest and most durable character. Of late years 
a mxA many forms of bricks with decoiated or orna- 
xilKital profiles or sections and surfaces have been 
introduced. As before stated, they are much more 
frequently mot with abroad than with us ; still even 
hei*e their use is spreading. 
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CHAPTER XXI. 

B. Blue Artiflolal Colonriiig-Hatteri. 

1. Alhali Blue (CsgHsoNgSOgNa). — This dye is a 
magnificent sky-blue, of almost identical shade to 
coruleine blue described below. It is fixed upon cotton 
by means of alumina and arsenic, but is not fast, 
being destroyed by alkalies, soap, and by daylight, 

2. Ceruleine Blue , — This blue is sold in the form of a 
paste, containing 1.0 to 15 per cent, of solid matter. 
It is a smooth thick deep-blue paste; the colouring- 
matter does not dissolve in water, but is readily 
soluble in alcohol and in acetic acid. It is fixed by 
means of alumina and arsenic, yielding the brightest 
of pale sky-bines obtainable in 2 >rinting ; but which, 
unfortunately, readily fades in sun or daylight — a 
few hours in the former or days in the latter being 
sufficient to destroy very pale shades. It is very 
largely employed — in fact, for all pale bines which 
need not necessarily be fast to light (in which latter 
case methylene blue is employed). Ceruleine blue is 
exceedingly fast to soap and dilute acids* It is manu- 
factured in greatest perfection by Messrs. Roberts, 
Dale and Co., of Manchester, and by several other 
firms. 

3. Methylene Blue — This beautiful dye is one 

of the fastest of aniline and the only fast bright aniline 
blue. It is manufactured as a dark brown powder, 
soluble readily in water, alcohol, and acetic acid. It is 
fixed with tannic acid, with which it yields a very 
beautiful shade of blue, possessing a greenish hue. 
This colour is very fast to soap and light, and is now 
very largely employed, both in this country and on the 
Continent, for pale shades of blue. With alumina and 
arsenic an exceedingly brilliant shade of blue results — 
blue, similar to that yielded by ceruleine, etc,, but which 
is quite loose both to soap and light, and seldom em- 
ployed. Methylene is a patent of the Badische Anilin 
Fabrik, who are, we believe, sole makers. 

4. Navy Blue, Royal Blue, Mauve, and Grem Mixture. 
— When aniline violet or mauve is mixed in certain 
proportions with aniline green a fine deep indigo-blue 
is obtained. Various mixtures of these two colours 
are sold under different names, which yield blues 
differing in shade according to the proportions and to 
the qualities of violet and green used. The blue is 
much in use; it is very fast, and is an excellent 
and favourite shade. It is fixed with tannic acid, 

5. Indoplienol , — This is an interesting dye recently 
discovered by M. Witt during the course of an elaborate 
series of investigations upon it and allied orgeuiic com- 
pounds. It is sold both as a paste, containing, we 
believe, about 25 per cent, of oplooring-matter, and 


also in a powder. It dissolves in alcohol and in acetic 
acid to a deep-blue solution, but is insoluble in water. 
When acted upon by reducing agents, especially 
acetate of tin at 60° 0., it is reduced to a grey or white 
substance, which is soluble in water; when this is 
printed on cloth along with an acetate of alumina 
mordant it penetrates the fibre of the cloth — being 
soluble — and when oxidised by exposure to the air, to 
steaming, and to a bath of bichrome, the reduced 
colour oxidises into a fine deep-blue insoluble dye, 
which is firmly deposited in the fibres of the cloth. 
When the colour first came out it was largely used^ 
but since then its use has decreased owing to its sensi- 
tiveness to oxidation causing it to oxidise at one time 
to a shade of blue darker or paler than at another 
time under but slightly alterod circumstances. We 
hope, however, that the objection to the use of this 
interesting compound — so analogous in its reducing 
and oxidising properties to indigo — by future improve- 
ment, either in its manufacture or in the method of 
its application, may be removed, and the promising 
pi-ospects which seemed in front of it on its first dis- 
covery may be realised. Indophenol is manufactured 
by the eminent firm of Leojjold Cassella & Co. 

6. Galloczanine , — This is another interesting new 
colouring-matter. Like indophenol, it is met vrith in 
the market both as a paste and a powder, the latter of 
deep chocolate colour. It is soluble in alcohol, and 
yields with acetate of chrome mordant a fine deep 
violet-blue. With other mordants it yields varying 
shades of blue violet ; with quercitron bark it gives a 
beautiful olive shade. 

7. Artificial Indigo , — This dye may bo said to bo 
historically one of the most interesting of artificial 
colouring-matters. Tlie artificial production of indigo 
had long been — ^in Germany at least — the dieam of 
the tinctorial chemist and the hope of the capitalist 
at his service. It has been produced at last — praise 
be to the piinco of dauntless chemists whose lot it 
was to seai-ch for and find the treasure — but, alas ! at 
what cost, and with but how small results! The 
discoverer of tho production of indigo by artificial 
means laboured for twenty years for it, and he 
and every one in the trade of colour making or 
using, or in the profession of technical tinctorial 
chemistry, expected that not only fame but an im- 
mense fortune would accrue. Unfortunately, artificial 
indigo has so serious objections to its use that by 
most printers it has been altogether discarded. 

8. AUsiarime Blue , — ^This is perhaps the most im- 
portant of recent discoveries in tinctorial chemistry. 
Alizarine blue is now an almost indispensable dye 
in all our leading calico printing establishments. 
Alizarine blue is a dark chocolate powder soluble in 
cold water to a brown solution; on printing this 
along with acetate of chrome a magnificent indigo 
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blue is obtained, which is one of the fastest of artificial 
dyes — in fact, it is as fast as alizarine red* 

0. Yellow Artiaoial Colouring-Matters. 

None of the artificial yellow dyes are so fast 
as berry yellow. The fastest artificial yellowLs the 
newly discovered auramine, which although exceed- 
ingly fast, and fast enough for most purposes, is yet 
surpassed in this respect by berries, notwithstanding 
the fact that auramine is coming into extensive use, 
and will doubtless take the place of berries to a very 
large extent. There are a great number of artificial 
yellows which in brilliance lack nothing, but in 
fastness lack eveiy^thing. We shall follow our usual 
plan, and mention only those yellows which are in 
general use, and in the use of whicli the writer has 
had some experience, both in the large scale and 
experimentally. The only artificial yellow dye which 
we deem it necessary to treat of is auramine, Aura- 
inino was discovered — or first brought into the market 
— in 1884. It is a yellow powder, readily soluble in 
water, alcohol and acetic acid. When printed with 
tannic it yields a fine shade yellow which resists well 
the action of light soap and dilute acids. 

D. Green Artificial Oolonring-Matterf. 

Aniline Greens, — Many distinct varieties of aniline 
green are manufactured. Those most extensively used 
in calico printing, and those by which every variety 
of shade of the greatest stability can be obtained, 
are known as Methyl Green, Malachite Green, and 
Oiy^stal Green. The latter is that used in all 
ordinary prints ; it yields a brilliant and exceedingly 
fast green colour, which has the additional recom- 
mendation* of cheapness. 

1 . Aniline Crystal Green (Benzaldehyde Green). — 
Bitter-almonds-oil Green (C^j H 34 N^O - 1 - Zn Gig). 
Varieties in trade known by such i;ames as imperial, 
emerald, brilliant, china crystal, and new crystal 
green. Some of these are slightly vaiying qualities 
or varieties of crystal green, but which do not difier 
materially in properties. Thus, one variety has the 
formula CjgHggNijO •+• ZnClj, which, except differing 
slightly in strength from other varieties, is in no wise 
different in quality from the first-mentioned variety. 

Crystal Aniline Green occui*s in commerce in the 
form of beautiful copper-coloured, metallic-looking 
crystals, varying in average size from that of small 
pin-heads up to that of millet (?) seeds, according 
to the method of crystallisation and the composition 
of the green. These crystals generally solely consist 
of the pure dye, and dissolve readily and completely 
in water, alcohol, or acetic acid. Crystal green yields 
with tannic acid on exceedingly bright and fast green, 
which is largely used in printing. It may be fixed with 
alumina, but is then wanting in stability or fastness. 

Methyl Green, OjjHgjNj . 2CH|C1. This is generally 
aunnlied in the form of a dark green or olive-coloured 


powder, which dissolves readily in water. It yields 
with tannic acid a bright green, of yellower and more 
delicate shade than that produced by crystal green, 
and less fast. The shade of green produced by methyl 
is often preferred to that yielded by crystal green. 
It may be fastened with alumina or alumina and 
tannic acid in dyeing, but shades are obtained which 
are looser than that obtained by tannic acid. 

E. Violet Artificial Colouring-Matter. 

Aniline Violet, Methyl Violet, Uncrystallised Violet, 

Mauve, — This beautiful dye is equal in fastness to 
crystal green, and is in equal request amongst printers 
and dyers. It is supplied in the trade as a powder, 
or in lumps, but not in crrystals. It dissolves in 
w’ater, acetic acid, and alcohol; wl;en printed with 
alumina paste it yields a beautiful and brilliant violet, 
which is fast to light and soap. It may be employed 
with tannic acid : a faster, but not so bright a colour, 
is obtained. 

F. Brown Artificial Colouring-Matter. 

Bismarck Brown, — This dye produces, with tannic 
acid, a briglit and fast blown, which is largely 
employed in printing, both singly and in combination 
witii catechu and other colouring-matters. 

TESTING OP DYES. 

In a woi'k of this nature tlie subject of testing 
each individual dye is too extensive to be dealt with ; 
and yet it may be useful to our readers to mention 
a few general practical methods tliat will in most 
cases determine pretty accuiutely tlie value of a dye 
in reference to the use for which it is intended. 

In the case of nearly all aniline colours 20 to 40 
grains are dissolved in about ten times tlie weight of 
acetic acid at 8 ® Tw., by warming; the solution is 
cooled and mixed with 1 gill eitlier of alumina paste 
or tannic paste, according as the dye is to be employed 
in the one or the other. This colour is str«iined 
through fine calico, printed on calico previously 
prepared with oleine, or unprepared as the case may 
be, steamed, and either soaped or passed through a 
tai'tar emetic bath, and soaped according as alumina 
or tannic acid paste is employed. The shades obtained 
are then compared as regards shade and fastness. 
Modifications, of course, are observed according to 
circumstances. 

Another method is to dye-up equal -sized swatches 
of cloth, printed with a mordant, and steamed, etc., 
in weighed quantities of the several samples, in equal 
quantities of water, in small dye-pans exposed to the 
same temperature. This method is also applied to 
alizarine, sumac, logwood, peachwood, berries, bark, 
iauic acid, etc. In the case of alizarine the fents 
— -^eces of calico — after dyeing are washed and slightly 
dunged, dried, prepared in oleine, dried, steamed lj| 
to 2 ^ hours, and soaped, washed and dried, and the 
shades obtained are compared. 
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HiB Tools, Implements, Machines and Materials. 

—The Principles of his Work in its Various 

Departments. 

CHAPTER XII. 

In continuation of the subject begun in last paragmph 
of preceding chapter, we go on to say that we couM 
not continue to draw from our store of ready money 
in the bank w’ithout finding the time come some 
day when our cheques would be returned with the 
ominous words “no effects,” unless we kept from 
time to time paying in to the credit of our account. 
Liebig maintained that we never as farmers nationally 
paid anything to the account of the credit of the 
soil — that we were always drawing out. But, os 
we have said, Liebig overlooked certain modifying 
influences which tended and still tend to materially 
change the conditions of the question. What the 
chief of those are we shall now glance at. 

We of course do not know — we can at the best 
only conjecture — what the amount is which the soil 
holds of fertilising constituents ; but we are certainly 
justified in assuming that the amount held is practi- 
cally unlimited. But they are not available tM we 
get at them^ or more correctly till we enable tho plants 
by their roots and rootlets to get at them, so as to 
take whatever they require for their full development. 
We can conceive the cultivable soil — that is, tho upper 
crust of the earth’s surface fitted to bear plants — to 
be made up of a series of layers horizontally super- 
imposed one upon another. Tho depth to which these 
layers extend can in the majority of instances be 
pretty fairly estimated by test holes dug at different 
parts of a field ; but whatever that depth be, we may 
conceive of all its layers being made up of soil of a 
pi-etty uniform quality as regards its constituents. 
Assuming the depth of each layer to be say six 
inches — which may bo said to be the maximum depth 
to which ordinary ploughing stirs the soil — the soil 
composing this layer will have a certain amount of 
fertilising constituents locked up in it available for 
the crop which is tp be grown upon it. This crop we 
may assume to be whaat, the soil being best suited 
for its growth and development. If we continue to 
take crop after crop from the soil, we by each crop 
taken off carry away from or deprive the layer of 
soil of so much of its constituents ; and as these are 
in amount a fixed and definite quantity, we can 
easily conceive that the time will come when the 
six-inch layer will be wholly deprived of its fertilising 
constituents. There is, of 00111*86, the layer next in 
depth still untouched, with ail its store of fertilising 
constituents ready to be availed of by the plants, 
if only we could get at them. But if in the practical 
work of ploughing or stirring the soil we only keep 
moving the first six-inch layer, and so move it that 


we form as the floor of the layer a hard bottom crust, 
in proportion to the hardness of this crust we 
throw an obstacle in the way of tho roots and rootlets 
of the plants growing in the upper layer, which in 
propoHion prevents the roots from descending into 
the soil of the second layer, in which they would find 
an abundance of plant food. 

Limit of Soil from which Plants can draw for Mineral 
Constituents. 

No matter, therefore, how great may be the actual 
depth to which the cultivable soil extends, nor how 
unlimited the amount of fertilising constituents there 
existing — if by tho necessities or faults of our system 
of working the soil we get no deeper than tho first 
layer of six inches— we have, to all intents and 
purposes, only the fertilising constituents to be found 
in that fii'st layer ; so that, by continual cropping of 
it, it would ho gradually^ exhausted or impoveiished. 
Now, Liebig did not deny the existence of a practically 
unlimited supply of fertilising constituents in the soil; 
only, seeing that the actual work of cultivation — that 
Is, stimng of the soil so as to form a seed-bed for 
the plants — was limited to such a shallow depth, and 
which depth could not be increased, he was quite 
justified in saying to the farmers, “ You have only got 
a certain and a very limited depth of soil to work in, 
and can have no more and no less of fertilising con- 
stituents than it naturally possesses: if you will persist 
in perpetually cropping it under a system which 
constantly takes from but gives nothing back to the 
soil, the time must come when you will find your 
soil utterly impoveiished. You may say, and I do 
not deny the truth of the statement, that there is 
practically no limit to the richness of the soil in 
fertilisers, but if you cannot get to the layers of 
soil which cariy these, then, practically, I say you 
are no better off than befoi*e : you are in the position 
of a starving man with abundance of provisions lying 
before him or within his sight, but not within his 
reach, as a bi'oad, impassable river lies between him 
and what would keep him in life.” 

But the great chemist dealt only with the fact that 
t!;e system of working the soil universally adopted in 
his time practically limited the depth of the soil seed- 
bed, and as a natural result the amount of fertilising, 
constituents available for the plants, to a wretcdiodly 
shallow layer, much more frequently four than six 
inches in depth, and which, moreover, was so worked 
that the longer the soil was cultivated or stirred, the 
harder the sole or crust at tho bottom, forming the 
floor of this thin shallow seed-bed, became, — so that 
just in proportion as the seed-bed got exhausted by 
continued cropping of its constituents, and as in 
proportion the plants required a greater supply of 
these, which could only be found in the layer 
immediately underneath — so the banner got firmer 
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and firmer, more certainly excluding all hope of 
reaching the treasures of fertilisers in the deeper 
layers of soil. Bub he overlooked the fact that there 
was a possibility of so working the soil as to give to 
the farmer a much deeper seed-bed than he had been 
accustomed to, and a further possibility of so getting 
this deeper actual seed-bed that there would be no 
hard crust or sole intervening between it and the 
layers of soil below it, and that the roots and rootlets 
of the plants could find access to the unlimited store 
of fertilising constituents present in the lower layers. 
Considering the then condition of the mechanical 
aids to soil cultivation, Liebig was amply justified in 
assuming that the system of working it then univer- 
sally prevalent would be perpetually employed. He 
evidently decided that this would be precisely so ; but 
we have little doubt that if he had foreseen or, better 
still, had lived long enough actually to see what is 
now done every day in deep culture, not merely by 
the aid of the steam cultivating systems of Fowler 
or of Howard, but by improved methods of land 
working by horse power, ho would have greatly 
modified his views as to that ultimate exhaustion 
of our soils which ho feared was very much hearer 
than he cared to contemplate, and the natural and 
indeed fearful losses aiising from which he described 
in strong and striking language. 

Bcitoring tho Fertilicing Constituents of tho Soil. — Liebig’s 
Theory. 

Tlie system which Liebig advocated os tho means 
of averting those evils was, simply stated, that which 
gave back or restored to the soil the elements of 
fertility of which, by the system of cropping, it had 
been deprived. And the readiest, and, as ho main- 
tained, the scientific? system of so restoring to the 
soil its elements of fei'tility, was that in which the 
utilisation of town sewage or refuse played the chief 
part. Liebig’s great supporter in this view of tho 
whole subject of exhaustion of the soil, and of the 
system by which its evils could be averted, was the 
late well-known agriculturist Mr. Alderman Mochi, 
who up to tho day of his death was a most earnest 
and zealous and able exponent of Liebig’s views. 

But there was another modifying influence, which 
the great German chemist generally overlooked — in- 
deed, to some extent wholly ignored the existence of. 
He seemed always to write on the subject of land 
exhaustion as if farmers — and especially British 
farmers, upon whose evil doings he rarely if eyer 
seemed tired of descanting — were engaged in all their 
cropping in perpetually taking from the land and 
never giving back to it its fertilising constituents. 
It always seemed to us a strange thixig, to put the 
matter in its mildest form, for Liebig to assume this, 
when he must have known that our farmers at least, 
whatever Continental agriculturists might do, spent 


large sums in the creation and the purchase of mann- 
rial substances, which they w^ere continually apply- 
ing to the land, and thus restoring to it at least a 
large proportion, if not giving back the whole of the 
fertilising constituents which had been taken from 
it by a succession of crops. It always seemed to us, 
however, that Liebig was so wedded to his town 
refuse or sewage system as tho only one calculated 
to keep up the fertility of our soils, that he came to 
look upon other manures, such as farmyard manure 
or dung of animals — notably for years, and as it is 
indeed still, the manurial mainstay of the farmer — as 
matter of but little account. 

But this supreme advocacy of the system of giving 
back to the land in the shape of the refuse of our 
towns those fertilising constituents of which the 
populations of the towns had deprived it by con- 
suming the crops or produce, was reserved for a 
later period in the brilliant career of Liebig. For 
at an earlier period he applied his own peculiar 
views as to the science of manuring, or rather that 
of maintaining tho fertility of the soil, to the 
devising and through the aid of others the manu- 
facturing of certain manures whidi he advocated as 
the best to be used under what ho maintained to be 
the peculiar and the practical circumstances of farm 
cropping. To these manures were given the name of 
special ” or specific ” manures, based on tho theory 
that as each plant took from the soil its own peculiar 
set, so to call it, of fertilising constituents, the true 
system of manuring was to have a manure or fertiliser 
specMly adapted to the special crop. Such was the 
high estimation in "which tho abilities of the great 
German chemist were held in this country, that our 
farmers were at once so attracted to this now system 
of special manuring, that they gave great and wide 
attention to its development in their actual farm 
practice. There wsis such a scientific pi*ecision in the 
theory of Liebig, and, moreover, such an appeal to 
what appeared to be after all tho common-sense view 
of the system, that it exercised almost immediately on 
its promulgation a wonderful fascination on the whole 
body of farmers in this country,* especially of those 
advanced in their ideas, who laid some claim to be 
men of science as well as of practice. IJnfoi’tunately 
for Liebig’s fame, and assuredly for his after influence 
with British fanners, the extensive adoption of his 
system of special manuring led, and that very quickly, 
to its equally extensive failure. And, considering the 
completeness of this, it should not be a matter of 
surprise that when Liebig pushed forward his later 
views on the exhaustion of land, and so strongly 
advo4Red the town refuse system as the only mode 
of averting its evils, the British farmers turned a 
deaf ear to his protestations as to its extreme value. 
That there is a vast deal of truth in the statements 
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of those who advocate the use of town sewage, the 
general form of town refuse, no one is disposed to 
deny; but those who have thoroughly investigated the 
subject are none the less prepared to assert that there 
are circumstances connected with the town sewage 
system which tend greatly to modify its manurial 
value. On this subject the reader may find some 
remarks elsewhere in this work, if space permit of 
their being given. 

ObjeotioiiB held to Liebig’s Theory of Bestoring Constituents 
to the Soil. 

But the scientific views or theories held by Liebig 
on the whole subject of land fertilising and manuring 
were not allowed to pass unchallenged. The great 
exponent of what may be called the per-contra side 
of the important question were Messrs. Lawes and 
Gilbert. Through a long series of years these gentle- 
men, versed profoundly as they were in chemistry, 
as well as possessed of a sound knowledge of practical 
farming, carried out a most extensive and elaborate 
series of experiments on a large and effective scale. 
But they also, through the medium of a most elaborate 
series of papers published in the Journal of the Royal 
Agricultural Society of England^ gave the results of 
those experiments, investigations, and researches to 
the British farming public. So ably were the views 
of those eminent savants expounded, and so corrobo- 
rated by the results of experiment and of extended 
pnictice, that their cultural creed, as it might be 
called, became and is now the creed of the British 
farmer on all points connected with the cropping of 
land. What that creed is wo shall see at a future 
stage of the present series of papers. We are con- 
cerned here chiefly to sliow that by the iie^v system 
of the mechunictil working of our soils a. now era of 
cultivation is opened up, and the difficulties connected 
with their exhaustion greatly lessened, if, indeed, they 
are not to a great extent wholly overcome. Wo have 
already in the earlier chapters dwelt somewhat fully 
upon the advantages derivable from the deep culture 
of onr soils, in which, as now is generally acknow- 
ledged, lies the secret of not only maintaining but 
increasing tlio future fertility of our soils. On some 
of the practical points of deep land culture we shall 
have yet something further to say. 

Exhaustion of Soils.— Practical Points connected with it. 

But before discussing this most interesting depart- 
ment, the exhaustion of our soils, it will be well here 
to note some practical points still further affecting 
it, and greatly modifying the views of those who 
still fear that the views of Liebig are the truast ones 
(and there are many who still do so), and that we shall 
yet have nationally to regret that we have recklessly 
gone on deteriorating the fertility of our soils, reaching 
at last a point where their impoverishment would bo 
simply a national calamity. To such the following 


assumption may be of some comfort. It is based 
Upon a pretty accurate estimate of what we really 
know, and maintains from this, which is as likely 
to hold good for the future as it has been true for the 
past, that our soils contain a much greater amount of 
fertili'^ing constituents naturally than even the most 
sanguine believed at one time, when less was known 
absolutely than we know now. This assumption is 
based, jus we have smid, on a number of general facts 
obtained in long practice, and from which it would be 
scarcely wise to deduce truths specially bearing on its 
truth. But we have some special experiences which 
are jilmost positive proofs of this. Thus we have the 
experience of many years obtained by carrying out the 
Lois Weedon system of cropping land. On this system 
a pifce of land was kept under cultivation of the same 
crop — that is, a continual succession of crops was taken 
from it — for the long space of fifteen years. During 
that time there was taken from eacli acre of land 
about three and a half times as much phosphoric acid, 
about seven timas as much potass, and about thirty- 
seven times as much silica, as would liave been taken 
out of the soil under the ordinary course of cropping. 
Yet, notwithstanding this extraordinary drain upon the 
supply — the natural supply — of fertilising constituents 
in the soil, its fertility had in no wise diminished, it 
being jit the end of the period as capable of bearing 
g(K)d crops as it showed itself at any period of the 
long term. The able and well-known agricultural 
chemists, Messrs. Lawes and Gilbert, give us also a 
very decided result of thoir investigations bearing 
upon this point of exhaustion of the soil. Theso 
investigations had reference to no fewer than forty- 
two analyses of fourteen different soils, representative 
of the various soils of the kingdom. And the result 
of carefully elaborated experiments with those soils 
showed that if they wore cultivated on the ordinary 
system of rotation of crops, using farm-yjird or home- 
made manures, and selling off’ only corn jind live stock ; 
and supposing the soil were cultivated to the depth of 
one foot — a depth, be it observed, far exceeding that 
in ordinary use, in most cases not six, and in many 
cases only four inches deep— the following would 1)0 
the result: — To exhaust the twelve-inch depth or 
layer of soil under the above treatment, it would 
take one thousand years to exhaust as much phos- 
phoric' acid, about two thousand to exhaust as much 
potass, and' about six thousand as much silica, as 
experiment showed to be present in the average of 
the fourteen varieties of soil experimented upon. 

Facts such as theso would certainly seem to indicate 
that the fears held by some as to the exhaustion of 
our soils to tliat point at which they would cease 
to bear productive and paying crops are somewhat 
lacking in common prudence, as they appear to be 
baseless as regards scientific facts. And the cose in 
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favour of the view that such foors are groundless is 
all the stronger when we bear in mind that we have 
now, with om* improved mechanical means of stirring 
the soil, a depth far in excess of that which our best 
means years ago enabled us to obtain, and thus have 
the means of increasing to a practiciilly indefinite 
extent the layers of soil which, as we have seen, have 
a supply of fertilising constituents that is practically 
inexhaustible. When we state generally that by 
the systems of steam cultivation now in daily and 
extended use wo can obtain a depth of stirred soil 
practically equal to two feet, we have little reason to 
fear that our soils will be exliaustcd to the calamitous 
extent which some seem still to think nob only a 
possible but a very probable result of our system 
of farming. Still less reason to fear when we can 
restore, as we do practically restore in many cases, by 
judicious manuring and special methods of cultivation, 
the fertilising constituents we take from the soils 
through the medium of the crops grown upon them. 

We have been thus particular in making clear to 
the leader the various points connected with the 
exhaustion of our soils, not merely because the 
question has a direct and practical bearing upon a 
point of the greatest importance to us as a people, 
with all of whom the aH of agriculture is one of 
vital interest, but because the points involved have 
also a direct reference to the subject of soils generally, 
upon which much lifts yet to be said. 

Botation of Cropi. 

In the last paragi’aph but two in the preceding 
chapter the reader will notice the phrase ^‘rotation 
of crops.” What is meant by this and tlie iinportai.t 
practical points in farming which it involves we now 
propose to describe. The subject of ‘‘rotation of 
crops ” is so called from the fact that difleient crops 
are alternated on the same soil in sets or series, so 
that in the course of years any one crop in the set 
or series comes round so as to be repeated. It is 
closely connected with the subject of exhaustion of 
soils, and is based upon the same theory — namely, 
that as each crop takes from the land its own 
peculiar class of fertilising constituents, a continual 
succession of the same crop on the same land would, 
aa a natural result, depiive the soil of that parti- 
cular class of constituents, leaving those others in 
it which the plant did not require. There would 
thus be, as a final result, a soil in which there 
would be a deficiency of some constituents, while there 
would be an excess of others. Thus, a silica plant 
continually grown upon the same soil would be con- 
tinually depriving it of the silicious constituents, while 
a lime plant would in the same way be carrying off 
the lime, leaving other constituents which they did 
not I’equire. Tl.e same principle applies to the rela- 
tion which exists between crops and the manures with 


which the soil is artificially supplied. Thus, farm-yard 
manure or dung, or muck, as it was universally called 
in the old times — an old Saxon term, somewliat 
unsavoury in its sound and association, but admirably 
graphic or suggestive to the popular mind — contains 
all the elements of fertility, arising from the fact that 
it is almost universally composed of the excreta of 
farm live stock, or animals fed upon food much of 
which is derived from the very crops grown upon the 
land of the same farm, such as beans, corn (oats), and 
the wide variety of green and forage crops, such as 
turnips, mangolds, grass, clover, and hay. Now, as 
through the medium of farm-yard manure — the more 
euphonious, if less terse and brief, term by wliich the 
old material muck is now almost universally distin- 
guished — all the fertilising constituents of plants are 
given to the land to which it is applied, it is obvious 
that a constant succession of the same crop on the 
same land would have the result as above stated with 
reference to the crop and the fertilisers present in 
the soil per ae. Farm-yard manure, continually and 
regularly applied to it, would keep up the fertilising 
quality of the land, and this for a continuity of time ; 
but if only one crop were taken oft‘ the laud thus 
manured, taking oft' with it only its own peculiar 
class of fertilisers, there would of necessity be an 
excess of some other fertiliser accumulated in the soil. 

Whether, therefore, considered in relation to the 
soil as a source of fertilisers for the crops, or in 
relation to tho e supplied artificially to it through 
the agency of continued and regular supplies of farm- 
yard manure, the crops of the farm are so arranged, 
in tho succession in which they are taken from tho 
soil, that the fertilisers not taken up by one crop, 
and therefore left in the soil, shall be taken up by 
the crop which follows next in succession. From 
this a little consideration will show that there are 
two elements in the case— first the soil, and second 
the manure, as each the special source of plant or 
crop fertilisers ; and that as a pmctical deduction from 
this and the peculiarities of plants as continual carriers 
away of these fertilisers, the exact nature of the 
rotation or succession of crops will be regulated by 
the natural condition of the soil, as well ns by the 
requirements of the plants grown upon it. Rotations, 
therefore, practically vary according to circumstances. 
But there is still another element in the question of 
“ rotation ” which must be considered. 

Olaiiifioation of Barm Cropi. 

Farm crops may, in a general way, be divided 
into two great classes or families — “ grain crops” and 
“ green crops,” each of which has its sub-classes or 
varices. What these are, and what the peculiarities 
of their cultivation, will be fully detailed in futui'e 
chapters in the present senes of papers, if space 
permit. 
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THE FACTOBT OE HULL HAHD AS A 
TECHNICAL WOBKEB. 

Thb Obganisation, General Duties, and Special 
Work op the Staff of Factories foe the Produc- 
tion OP Spun and Woven Goods -that is, “Yarn” 
AND “Cloth”— AND those chiefly in Cotton and 
Wool.— General Description op the Various Pro- 
OES6ES OF Manufacture. 


CHAPTER XVII. 

Referring to our description of the different kinds of 
yarn, begun in last paragraph of preceding chapter, 
we have to note that the fine yarns (one hundred 
hanks to the pound and upwards) are invariably made 
into twofold yarns for manufacturing laces, alpacas 
and other similar kinds of woven goods. Twofold, 
threefold, sixfold, and ninefold cords, are made on 
the doubling frame. Sewing threads, of whatever 
the number of cords or strands, are made on this 
frame. 

Fold ” is understood in the trade ” to mean soft 
or medium twist, but cord ” is known or understood 
as yarn, it having much twist in it, and of course it is 
stronger than fold, though the siiriie number of ends 
are in each. The fold is used for soft manufactured 
goods, but the hard tivisted or cord is used for 
manufactured goods of a harder, stronger texture. 
The difference in the number of twists per inch gives 
to the article when manufactured a feeling altogether 
different from that of the soft twist. This often 
accounts for the different appearance, as well as for 
the change in the handling. 

In thread making, three cord ” means three ends 
run together and hard twisted. “ Six-cord ” is made 
by doubling two single ends into one thread, and 
hard twisting, then throe of them twisted into one 
thread. ‘‘ Nine-cord ” is made by twisting three 
single ends into one thread, twisted as above; then 
the three threads as lief ore twisted (called ‘^prepir- 
ing ”) are again twisted together (a second doubling), 
and thus nine-cord thread is manufactui-ed. All 
kinds of yarn, other than single yai-n, are made in 
a similar manner, such as knitting cotton, worsted 
yarn, angola, etc., etc. It would be useless to con- 
tinue a description of this doubling or twisting machii|e, 
as we have given a full one of the throstle. The 
difference is principally in the roller part, it only having 
two rollers — i,e, one above the other, the bottom roller 
being driven by tooth and pinion, (^* pasitively ” 
driven,) the top roller being diiven by friction from 
its weight on the bottom roller, this being sufiicient 
to draw the thread from the cop. Cop doubling (t.e. 
doubling from cops) is mo.st in use for the fine counts 
of yam. In doubling the coarse or coarser counts of 
yam, the winding of the thread from the cop upon 
a bobbin is generally adopted, and such a doubling 


frame Ls termed a “ bobbin doubling frame ” ; when 
yarn is doubled from cops as they come from the mule 
the frame is called a “ cop doubling frame.’* 

The doubling frame is more simple from having, as 
is termed, one line of rollers only, whereas the throstle 
has three lines. It will be evident to the reader, in 
the case of the throstle, tliat more gearing is required 
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rollers has to move at a different speed from the 
other, while in the ‘‘doubling frame” only one line 
has to be driven and therefore the geai’ing is very 
simple. The doubling frame has a “ traverse ” motion 
precisely like that of the throstle frame, to regulate 
the even motion of winding the thread upon the 
bobbin, so that the bobbin can be equally filled from 
top to bottom. The full bobbins, as taken from the 
frame (if coarse counts) are taken direct to the reel, 
which has l)een mentioned before. 

Clearing Frame for Yarn. 

Fine counts are generally required to be freed from 
thick ends and lumps, and therefore the thread has to 
be operjited upon by another machine, which is cfilled 
a “ clearing frame.” The name is cci‘tainly a very 
appropriate one, as the object of it is to free the yarn 
from lumps or other matters which would otherwise 
give an appeamnee of a common quality of material. 
This process is only in use where good qualities of 
yarn aio desired. The arrangement of tlie frame is 
much like that of the cop-winding frame we have just 
described, excepting in the rewinding of the thread 
from one bobbin to anollier. Between the two 
bobbins there is a plate or plates, called “ clearers,” 
which can be regulated, — i.e, the slot, notch, or open- 
ing can be made wider or narrower, so as to bo 
armnged for finer or coarser counts of yarn. The 
yarn, as it leaves the bobbin wbicb has been brought 
from the doubling fi*ame, passes through this notch, 
and any thick ends or lumps are either dra>vn ofi' or 
broken, not being allowed to pass the “ clearer.” The 
tenter called a clearer makes good the broken part 
by tying the two ends together, and thus the yarn 
passes on to another bobbin. This yarn, being so 
cleared, is most used for lace-making purposes, or 
for a good class of alpacas or other similar goods, and 
thus the manufactured piece presents a more even and 
smooth surface. If it is intended to be sent oft* in 
the bundle f,orm for bleaching or dyeing, it is then 
reeled as we have before defined. If it is then to be 
used for warp purposes, it is put in the form required 
for the longitudinal pait of a piece of cloth. Doubled 
yam is mostly used for lace, or otherwise used in the 
manufactured goods of the Bradford class, cotton warp 
and woi’sted weft. 

Warping, 

The warping mill is also one of tho. e machines 
which is of very simple construction. It has what 
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is called a creel,” This creel contains two to 
three hundred bobbins, which are all full of yarn. 
Hie next part of the machine is called a “heck.” 
This heck is provided with a series of small eyes 
made of steel, for the thread to be guided in a 
certain form, so that regularity may be obtained in 
passing thi’ough the whole of the threads round a 
pulley, which then forms what is called a “tape.” 
All the ends (sometimes three hundred in number) 
ore drawn into this tape form, and are thus wound 
round what is called the “ mill.” This circular mill is 
made of timber, composed of staves set twelve inches 
apart and about seven feet in length, which are held 
in their position by three inner cii*cles, one at the top, 
one in the middle, and one at the bottom of the staves. 
Mills, according to their requirements, vary in their 
circumference — say from ten yards to eighteen yards. 
The tape is then dniwn round these staves by the 
motion of the mill going round, and a spiral motion 
is given, which causes the tape to wind round the 
mill in the form of a screw, and when it arrives at 
the top or bottom it can easily be reversed and thus go 
back again, and then the tape is laid upon that which 
was first put in the mill. If it has three hundred 
ends in the tape, by going up and down six hundred 
ends will then be in the tape ; this can be as often 
I'epeated as is necessary to produce the number of ends 
required in the tape. It is then folded into a ball. 
Being in this condition it is well calculated for dyeing 
purposes. 

Where the yarn is intended to he used in the grey 
state (t.e. in its natural colour) it is mostly wai ped on 
a beam, instead of tho mill, and it is thus ready 
to be taken to tho sizing frame. All yarns which 
are sized have to run upon a beam, and then a series 
of beams are placed so ns to have tho number 
of ends (threads) upon the finisluiig beam that are 
requisite for the breadth of tho piece for which it is 
intended. 

Weaving. 

In preceding chapters we have exploined the various 
processes through which the cotton fibre passes 
in being changed into the condition known to the 
trade as “ yarn,” the general characteristic of which 
is perhaps more clearly understood by the popular 
name of thread. Wo have now arrived at that stage 
of the general process of “ cloth,” or, as it is techni- 
cally termed, “calico” making or* manufacture, in 
which the yam is formed into a fabric of greater 
or less fineness; this fineness being dependent upon 
that of the yarn, and the number of threads which go 
to or are comprised within an inch of the breadth of 
the cloth or piece of a\lico. The number of yards in 
the length of the cloth made, and which, as a whole, 
constitute what in the trade is called a “ piece ” of 
calico, varies according to circumstances. The process 


by which yam or thread is formed into a certairi fabric 
or doth is that known to every one as “ weaving ” ; 
the machine used being known as a “ loom.” 

The progress of the industrial arts is attended mth 
great changes, as to the mode adopted and the means 
of carrying it out. Such changes affect the supply of 
the necessaries and luxuries of life. All changes in 
our productive industries tend in one direction — ^that 
of producing articles of general use with loss manual 
labour — and thus mankind is relieved from drudgeiy. 
Man^s labour has now become more of a super- 
intendence of machinery for producing articles of use 
than of manipulating the articles himself. To run 
back fifty years ago, or little more, wdien nothing but 
hand-loom weaving was known, we see a mighty change 
in it. The labour now in attending the working of 
three looms driven by machinery is much more profit- 
able for the labourer than that of working one loom 
by hand, as in the old system. The labour of the 
present system is mudi more in favour of the attend- 
ant than that of the former. 

The money made or wages earned on the piesent 
plan of machine or “power” weaving is also more 
favourable to tho operative than tho old system 
of cloth w’eaving, and the cloth is produced at a 
minimum cost, which is also a great consi<leration to 
the public. It would perhaps be useless to go back 
as far as the memory of the oldest man can reach in 
describing the various methods adopted to produce 
the most satisfactory result in weaving. Some notes 
will be given in due course. The improvement 
in the mode of producing cloth is so far ahead 
of what can bo remembered by many of us, that 
to tlvB present generation of weavers the old system 
could scarcely be credited with tho work it actually 
did. It must ho understood that ns “ Rome was not 
built in a day,” so the changes in manufacturing 
cloth which have taken place during this century 
chiefly, and going back a little in the last, were 
introduced slowly. And those improvements which 
may be described as recent have only resulted in 
bringing about changes of a minor kind. But like the 
number of pence in making pounds, tho number of 
changes in the 'working pails have made the present 
“j)Ower loom ” a comparatively complete machine. If 
we were to say that the number of patents which 
have been secured for improvements in the loom are 
best described by the word “ legion,” we should only 
give the idea that hundreds of them have been ob- 
tained for purposes of improving it in its working, 
with the view of producing more yards of cloth in the 
s^e time, and in other ways that the cloth should 
bemore saleable — Le, freer from faults. Both objects 
have been gained, and thus this wonderful machine 
called a “ powder loom ” or “ steam loom ” is now in a 
complete state. We dare not venture to say that it 
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is perfect;, though those unacquainted with such a 
machine, seeing how regularly every motion in it 
(and there are not a few) works with such precision 
and with a continuance of the same throughout the 
day, week, or year, might be excused if they expressed 
the opinion that perfection in the power loom had 
at last been obtained. At the time that the power 
loom was introduced it was condemned on all hands, 
on the grounds, first, that it never could make a piece 
of cloth equal to that made on hand looms, and, in the 
next place, if it did succeed, the labour would be 
taken out of .the hands of the hand -loom weavers, 
and this would cause all the hand -loom weavers to be 
thrown on the parish for relief. Many of the hand- 
loom weavers, instead of believing in either starving 
or in applying to the parish for support, at once 
turned to the power loom. However, all such changes 
must to some extent cause many to be thrown out of 
employment for a time. Improvements in preparing 
or making materials of any kind have always been 
appreciated by some, and with others regarded as 
robbers of labour and producers of poverty and 
misery. Such ideas as the latter are now obsolete — 
dead. The opposite to the above opinion has been 
proved so often, that all machinery introduced to 
save manual labour is 'welcomed by tlie thoughtful of 
the community, as a direct gift of great value to it. 

Three kinds of labour ai'e recognised as necossaiy 
to bring all the fabrics of weaving suwiessfully under 
the head of machinery : — First, the common power 
loom for the fabrics to which it is at present applied, 
and which will be explained pre.sently ; secondly, the 
vertical loom, for the coarsest textures or cloths, made 
of the most hard and rigid fibres ; and thirdly, tho 
spring loom, adapted for the production of the finest 
and most elastic fibres, such as muslins, etc. 

Plain w’eaving consists in the interlacing together 
of two lines of thread lying at right angles to each 
other. The long threads running from end to end 
of the piece are called *‘warp.” Tho cross threads, 
which run from side to side, or selvage to selvage, are 
called the w^eft,^’ The simplest explanation we can 
give, so as to he understood by those who have not seen 
the operation of weaving carried on, is by drawing 
their attention to the system of doming a stocking, 
i.€. by moving every other thread, and that being 
done alternately the piece is much alike on both sides 
of it. Tliis alternate threading of threads with the 
cross threads is weft.^* The cloth when finished is 
firm, and in no case are any of tho threads left loose. 
This alternate threading of the weft with tho warp is 
performed in a very simple but certain form. The 
way in which it is accomplished is precisely like that 
of the hand loom. In very early times this plan of 
raising every other thread of the warp was introduced, 
and the same plan is adopted to-day, but in a more 


mechanical way, which produces the same result. It 
is most remarkable that the first or original principle 
of working which has been adopted, whether in the 
preparation for spinning, or in spinning of cotton, or 
in short of weaving, has been and is still maintained. 
There are changes, no doubt, in forms adopted, w^hich 
produce a larger quantity, and also a much more 
perfect result, but the original principle remains. The 
object and therefore the aim of every ingenious man 
is to improve on that which is already in use, Tliough 
tho form of the machine may have l>een altered 
when something has been added to or something taken 
from it, in the principle of it no change is per- 
ceived. In spinning, and in preparing for spinning, 
drawing and twisting are now performed as in former 
times. So it is that the same process of threading of 
the weft alternately in weaving w’^ith the warp is carried 
on. We shall not at present I’efer to the old system 
of threading the weft into the w^arp with a needle, 
more than saying that such was tho case ; but what 
we have more to deal with is, as we have done through 
this pajjer on cottons, that which is in use generally 
at tho present time. 

Parts and Operations of the Loom. 

We now take np the various parts of the loom; and 
first as to the ‘‘ shuttle.” This may be compared to 
the form of a long narrow lK)at. In one end of it is 
a skewer, or tongue. On tliis tongue the cop called 
a “ slmttle cop” is passed (skewered), and at ono 
end of tho shuttle is a small hole through which the 
end or thread from the cop is drawn. This shuttle 
is so arranged that when it is at ono side of the piece 
it lies in a box. This box is supplied with what is 
called a pieker,” made of leather. This picker 
gives a jerk, or a smart push, which drives it across 
the piece, and there it lands into a similar box, and 
is thus treated as it was at tho other side. This kind 
of shooting backwards and forwards of the shuttle is 
continued so long as tliero is any weft left in the 
shuttle, unless by some misfortune this (the weft 
thread) breaks, the loom in this eiise lH3ing stopped until 
tho same is repaired by tho attendant. When the 
weft in tlie shuttle breaks, from whatever cause, the 
loom stops instantly by its own mechanism. There 
was a time when this breakage of the weft was a 
drawback on power-loom weaving. In course of time 
Jin invention >va8 brought out which is known by the 
name of “ weft fork.” When the tlirrad breaks, tho 
weft fork changes its position, and so operates on the 
rwl which is attached to tho strap fork, and thus 
causes the loom to stop; there is thus no damage 
done to the cloth. When the weft is made good 
the loom can he set to work without turning any 
part bock. It would be useless if the weft passed 
forward and backward, unless it could at the same 
time pass in such a way as to ‘‘ darn the warp,” so 
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to say — that is, go in and out of the warp yams. The 
warp, being the longitudinal part of the piece, is so 
fixed that the position of the threads is in the like 
form throughout the whole length, and therefore the 
threads are raised in turn — i.e., every other th.read 
in the warp is raised as the shuttle passes from right 
to loft. Then, when the shuttle moves from left to 
right, those threads which were so operated iipon as 
to fall to their former place, and those which were 
holding the lower position, me raised in time for the 
shuttle to pass through. 

This process of raising and depressing the tin eads 
alternately also continues with the same regularity 
as the to-aiid-fro movement of the shuttle. This 
opening of the tlireads alternately is produced by what 
is con)monly called a “ treddlo.*' This treddle is at- 
taclied to what are called ‘Mieddles,” or ‘‘healds.^^ The 
healds being made of thick threads called “ heald 
yarn,” are fixed to rods at the top and bottom, and in 
the centre of this thread an eye is inserted, through 
which the threads of the warp are ]3ut. TTaving 
two of these healds, every other tliread is put through 
one length of the healds, and in the other heald 
is put the other half of the threads which were left. 
The rising of one of the healds raises half of the 
threads, and keeps them in position until the shuttle 
has been shot through the division of the threads, and 
then the healds being reversed tlie shuttle i-eturns. 
Tliis repetition of the shuttle and healds produces tliat 
even clotli which is to be seen in plain calico. It is 
almost imposj;ible for any iiregularity in the cloth to 
appear wluui the loom is in a proper c()n<l'tion, because 
the healds ha ving the threads are so correctly arranged, 
alternately i-ising and falling, and the shuttle passes 
to and fro with such maiheinutical precision. When 
the weft passes thi'ougli tlie ‘‘shed^’ (opening of the 
threads by the healds), each time that tl e shuttle is 
shot the weft in the shuttle is held by the outer thread 
of the piece. In short, the thread is passed lialf way 
round the outmost thread of the w’arp, and this forms 
what is termed, and is known by almost all, as the 
“ selvage,” or ** selvedge.” It will strike the thought- 
ful reader that something more is needed to make the 
cloth firm. Weaving as carried on by this almost 
universal method <x>nsists in the performance of three 
motions in succession; and these are, first, the shedding 
of the web for tlie iiitroductifin of the shuttle with 
the weft shot ; second, the throwing of the shuttle 
through the shed ; third, the striking home of the 
shot. We have described the tw’o first processes in 
weaving ; W'e now speak of tlie “ thiixi.” Tlie “ strik- 
ing home” is performed by what is termed the 

lathe.” The frame called the lathe is so fixed on a 
high part of the loom, and is suspended from its place, 
and can thus he oscillated perpendicularly between 
the fell or verge of tlie cloth and the heddles like a 


pendulum. This lathe is so made that a reed can be 
inserted between the frame of about four inches in 
bieadth, and through this reed the thi‘eads of tlie 
warp are di awn. The threads are thus separated, and 
the lathe, frame, or reed so constructed as to allow 
the threads to rise and fall with the movement of the 
heddles or healds. The object of the ‘‘ lathe ” is 
to press the last thread of the weft close up in tl:e 
piece against the thread crossed previously ; the 
movement of the lathe being so mechanically con- 
st meted that each strike or blow upon the thread as 
it is delivered by the shuttle gives a certain pi'essure, 
and thus evenness of cloth is produced. This is more 
certain than that which has to dej)end upon the action 
of the human hand. The force of the lathe blow 
must likewise be varied according to tlie work and tlie 
speed at which the loom is driven. Its momentum 
must be sufficitaii to overcome the reaction of the weft 
shot ; and as this refmtion vanes exceedingly in the 
dilfercmt makes of heavy calicoes, the loom is much 
limited on that account in its application to different 
fabrics. 

The various movements we liave dovseribed must 
w^ork in perfect unison with each other. Should one 
action be either too soon or too late, tlie whole of the 
motions might as 'well be out of ordei*. In the early 
days of the power loom springs foimed a very 
powerful element in the movements of the loom. 
Those acquainted with machinery find that spring 
motions are not the most trustwortliy arrangements 
in a machine for certainty of action, Tliey ore at 
times, under certain circumstances, very useful, and it 
seems as though nothing could be used in that place or 
position to act so well. The use of a spring, as long 
as it can be depended upon, may be retained. To 
dispense with a spring often inquires a multiplication 
of wheels or levers to compensate for the change. At 
a comparatively early date of tJ:e power-loom inven- 
tions tlie springs were very much dispensed with by 
a Mr. William Horrocks, of Stockpoj-t, the true 
inventor (;f the practical po^N er loom, that which with 
various modifications and improvements is working at 
the present day. 

Another very important movement in the self- 
acting or power loom was re<iuired — namely, a 
continual “ let otf ” of yarn from the beam which 
contained the warp. This could only be done by 
mechanism very finely arranged, A beam when full 
of yarn (waip) may be fourteen inches in diameter, 
but every revolution of it lessens the diameter. This 
then acquires a continual change of 6i>eed, and this 
SMed must be equal to the beam which draws on the 
OTshed cloth. It will thus be seen how accurate each 
part of the working mechanism of a steam-power- 
driven self-acting loom must be in order to insnie 
certainty of v/orking action. 
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the wobkuan as a techkical student. 

How TO Study and What to Study. 


CHAPTER XVII. 

Hethod iu Study (^o mtinved'), — Arithmetio. 

In studying arithmetic, as in the higher develop- 
ments of its principles it may be said to involve the 
study of mathematics, the reader will thus see that 
he must carefully master its details ; becoming 
thoroughly acquainted with tlie principle of each rule, 
not merely “ doing " after some fashion or other — and 
this in too many cases will be but too pernicious in 
its results on the mind of the pupil — the examples 
illustrating the rule,” or such sums as his teacher 
may set him, supposing him to be other than self- 
taught. And, as each rule is thus thoroughly 
mastered, not learned off by heart ** but intellectually 
understood, he will find in the knowledge gained a 
power or strength which will help him all the more 
easily to master the next rule succeeding ; and thus, 
by a series of steps, he will become a master in the 
science of figures. And ho will, long ere he has 
reached this point, have learned also this lesson, — that 
each step or link is connected with another, and 
unless all are taken up in due course success in the 
true sense of the term cannot be secured. And as the 
science is made up of a series of steps, so is each step 
dependent for its inherent value upon a variety of 
details. Those can be no more missed out, if success 
be desired — and this is what, at the least, each one 
wishes — than can any one step or link in its entirety. 
The overlooking of one detail, however indifferent in 
value because minute it may appear, is pi*ecisely the 
reason why calculations become incorrect. And to 
av: id such mishaps requii-es the closest care on the 
part of the pupil. And it is a matter of painful fact 
that such neglect or overlooking of what are called 
the minor details of calculations occurs much more 
frequently than many are disposed to admit, — 
and this even amongst those who, engaged in the 
actual work of life, can scarcely be classed as pupils 
or learners. Even the most careful is constrained to 
admit that at times, through sheer carelessness, some 
figure has been altogether left out, put down wrongly 
(jus a 7 for a 2, or the like), that is, some other figure 
substituted or its position in the sum misplaced, as a 
sum of shillings figuring as pounds. And such careless- 
ness we are also constrained to confess has, at times, 
when perpetrated, led not merely to some grave mis- 
calculation leading to loss, but to mental distraction 
and anxiety, as giving the impression that matters 
were worse than they really were ; or, what is perhaps 
worse, leading to a false security in the notion that 
affairs were better than they actually were. 

Now, by the pupil beginning from the very outset 
with a determination to make mistakes, so to say, 


impossible, by a most rigid carefulness, ho will find 
that in process of time the mental faculties engaged in 
the work of calculation will become so strengthened 
that he will, as it were, intuitively carry them out 
with absolute accuracy. But this position, which 
is alone that which is worth obtaining — for less than 
this is equivalent to h^ss— -can only bo secured by the 
pupil being determined not to aim at speedily grasp- 
ing the subject of study, as a whole, but by patient 
work and “dogged resolution ” to be sure of success in 
one step before proceeding to take another. It is 
thus that in time he will become a trained and export 
calculator; and this, if it means anything, means that 
he is as accurate as ho is apparently quick. The 
ancient Romans had a proverb which, freely tninslated, 
means that celerity or quickness in any undertaking 
is gjiined by being slow, — that is, in other words, to 
be sure of the ground you are wishing to tread, and 
this can only be done by patient and careful trial of 
each part, a hasty advance being likely to end in 
one’s being plunged into a quagmire wlience further 
progress is simply impossible. 

Tlie proverb and the lesson it teaches are, so to say, 
paraphrased in the one current in our own country, 
“ Slow and steady wins the djiy ” ; and a further and 
a graphic illustration of it the yoiitliful I’eader will 
remember is to be found in the fable of the “ tortoise 
and the hare.” And this fuidhor conveys the lesson, 
pregnant with wisdom to students, that it is dangerous 
to rely upon mastering a task quickly merely through 
the force of one’s inherent or supposed cleverness or 
ability, forgetting that all true work is done by 
patient and generally slow and fatiguing labour. 
The hare thought he could win the race, as indeed he 
could have done, in a twinkling; but ti-usting to his 
ability to do it in a “ trice,” and that he could over- 
take the slow creeping tortoise even when she was 
within a trifling distance, lay down to sleep, and 
awoke only just in time to find that the last of the 
painfully slow crawling steps of the tortf)ise put her 
even with the goal. The fable is but too closely 
applicable to some pupils. It were well if they would 
lay its lesson to heart. 

Wo have said that the arithmetician and mathe- 
matician, trained in the way, slow but sure, we have 
counselhd a.s the way the pupil should tniin himself, 
becomes in process of time so expert a calculator, 
that all the details upon w^hich aocurncy alone 
depends como before him intuitively, as it were. 

The trained mathematician or the arithmetician 
never dreams that he has omitted any part of the 
calculation; that in truth part of it consists in 
attending to everything, so that any mistake, such 
as we have alluded to, cannot happen. This is a 
somewhat paradoxical way of putting the point; 
but, simple as it is, it gives the key to the solution 
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of the difficulty. It is only when some result is 
either more striking than he contemplated, or seems 
to involve something of consequence, that the trained 
mathematician thinks of doubting the accuracy of his 
calculations, and admits the possibility that he may 
have left out some essential factor. But this high 
point of efficiency is never reached — cannot, indeed, 
be so— if ‘‘rules” and “ examples” are treated in the 
slipshod, careless way some treat them. Work of 
this kind might as well be left undone, for it is 
worthless, and the student has but laboured in vain. 

What is essential is that the principles on which 
the rules are founded be thoroughly understood. If 
this be the case, no words forming a rule are required, 
even indeed thought of, by the student. The abstract 
principle which constitutes the rule is to the student 
a patent fact, so to say, which ho carries with him to 
be ready when required. The essential character, for 
a thorough knowledge of arithmetic, of the habit of 
thinking in figures has been already enforced, and 
it cannot be too frequently borne in mind by the 
student. For some branches of technical work — such, 
for example, as mechanics and engineering — are un- 
like many of those branches of industry in which 
arithmetic is useful. They differ in this respect; 
that, unlike them, those branches of technical know- 
ledge have no — at all events few — embodiments of 
arithmetical facts in which the result of laborious 
calculations are given in a few lines, easily referred 
to, and easily applied. Of this kind of information 
what are called “ready reckoners” may be taken 
as an example. Tables there arc, no doubt, at the 
command of the technical constructionist; but they 
are designed chiefly to save much labour in calculation 
— not to bo used by those who do not know the 
methods by which the tabulated results are found. 
The engineer, or machinist, while to save time availing 
himself of those helps in the form of various tables, 
could, if he so willed, dispense with them, because he 
would know how to make the calculations for himself. 
This is essential in certain branches of technical work, 
for those who follow them have no complete “ ready 
reckoners,” which are useful as the ready reckoners 
of the shopkeeper or the wage -payer, and which are 
useful alike to the learned and the ignorant in the 
science of calculation. The work is so varied in 
character which such technical workers are called 
upon to design and execute, and its details so 
numerous, that each is to bo, or ought to be, calcu- 
lated for and by itself, and by its own particular 
rule. They may thus be said to live in an atmosphere 
of continual calculation. Nor should it be forgotten, 
as it too often is, that, in order to be successful in 
the true sense of the term, they must be also, to a 
loi’go extent, ccmmcrcial men, — in so far, at least, as 
to be able to compass the ordinary work of what is 


called trade and commerce. This necessitates a know- 
ledge of book-keeping ; and this in many branches of 
technical work, such as that of the machinist, in- 
volves many more details than it does in the ordinary 
acceptation of the term. For it includes the making 
and keeping of a set of books involving all the details 
of work done. And as this is so varied, and in one 
sense so complicated, some idea may be formed 
of the necessarily elaborate system of “ books ” re- 
quired, And the more thoroughly grounded in 
arithmetic the young machinist, for example, is, the 
more likely is he to be able to devise and keep a 
system by which this complicated character of his 
work may be rendeied easily understood. For it 
need not here be said that even in the case of those 
branches of technical business concerned with con- 
struction of a kind or class more or less elaborate, 
what is called a business or trade knowledge is re- 
quired. The trained engineer, machinist, caipenter, 
builder, etc., etc., should be able to conduct his 
business so that it will be economically carried on, 
giving the maximum paying results with the minimum 
outla,y of time and of materials; to which end all 
those branches of what are called economical or trade 
education should bo so far mastered by him as that 
he shall be able to ascertain with precision and 
facility “ how lie stands,” as the business phrase has 
it, — what his work in ©very or in any branch of it 
costs him in time (that being expressed in wages 
paid) and materials (including in this the amount 
with which the work is to be debited for plant 
used, and its wcor-and-tear, and all other items of 
maintenance or outlay). In other words, he should 
be so much of an ordinary business or commercial 
man that he will be able always to know with 
accuracy what his work costs him, and what, there- 
fore, is the profit ho makes out of it. But in all 
this, as in other branches of calculation, the value 
of the system of mental training such as we have 
insisted upon as essential to the future success in life 
of the workman as a technical student will be most 
clearly established. Such remarks as we have made 
in reference to knowing the principles of arithmetic 
apply to mathematics, which, as we have said, is 
in one sense a higher development of arithmetic, 
and is, at all events, the basis of one of its calcu- 
lations, Of course this is only true in a special or 
reserved sense, as there is much of the work of 
mathematics which is simply done by the aid of pure 
reasoning, in which the aid of calculation — arithmetical 
in its principle — ^in the ordinary sens© of the term is 
not required. 

Thalffady of Fhyiioi.— The Charaeterietioi of Material Bodies 
and Substances. 

We now come to one of the most important depart- 
ments of technical study — ^that of physics, as it is 



THE WORKMAN AS A TECHNICAL STUDENT. 


211 


scientifically and technically called — but which, per- 
haps, is more readily and popularly understood as tho 
study of the characteristics and properties of physical 
objects or material bodies. While the principles of pure 
or theoretical mathematics are learned and proved by 
I'easoning, or the exercise of the mental faculties, 
what is to be learned in connection with material 
bodies, whether those be in the form of air or gases, 
liquids or solids, is learned by observation. Reasoning 
has to do with abstnict principles, observation in 
physical or natural science or the technics of bodies has 
to deal with facts as they lie ready to be found out 
and made our own by observation and patient research. 
And from the facts which Nature is ever ready to 
show us if we only look for them, and which have 
been by such a host of patient obseiwers through 
generations and generations, for many centuries, 
carefully recorded, there liave been deduced a series 
of ‘‘laws,” which make up what we now call the 
science of physics. Those laws have been, and are 
still, whenever discovered, obtained by a process of 
inductive reasoning based upon facts. And this 
grand principle was first propounded, at least, 
placed upon a sound and irresistibly cogent basis, 
by the celebmted Bacon, the Chancellor of Queen 
Elizabeth’s reign. And so indissolubly connected 
with the subject is his name, that the terms, the 
system or pidnciple of “inductive reasoning,” and 
the “ Baconian method,” are taken to be synonyms. 

To this principle of inductive reasoning, or to the 
Baconian method, we owe all the discoveries and the 
marvellous development of material or physical work 
of every kind which characterises our modern science. 
Our modern sciences, such as those of mechanics, 
the steam engine, electricity, chemistry, are all the 
outcome of laws l)ased upon facts, the innumomble 
list of which has been collected through ages by a host 
of patient and careful observeis. And this Baconian 
method, by which from the facts the laws have been 
deduced, affords us at all times a true test as to 
whether what is brought forward as a science or a 
scientific train of reasoning be deserving truly of the 
name of science, or the appellation of stdentific. For 
if to the question ‘Does this so-called science deal 
with, and is it based upon facts ? ’ the reply ‘ Yes ’ 
can be given, then the term scientific is rightly earned 
by it. For true science deals with and admits of no 
conjectures, makes no assumptions, states nothing 
which cannot be proved by a reference to facts 
which exist and which cannot bo disputed. Hefite 
it is that many discoveries and theories so called 
by their exponents are mere fancies, as they are 
founded upon beggings of the question, conjectures 
and assumed facts, which are not facts, or cannot 
be proved to be such. The final, the only court 
of appeal of true science, is that of facts as they 


are known to exist. It would obviously never do if 
this were otherwisa For if I am entitled to call 
to tho aid of my so-called scientific exposition con- 
jectures of what may or might exist, assumption that 
certain things have taken place in the past or will 
take place in the future, but of which neither I nor 
any one else knows, or can know anything, as the 
so-called field lies beyond our line of obseiwation — that 
is to say, if it exists at all, which no one can prove 
either one way or the other, — if all tliis be permitted 
me, why should it be denied to my neighbour % And 
if we both enter the field of pure imagination — for 
what are mere conjectures and assumptions on points 
upon which we know nothing, and cannot know any- 
thing, but imagination? — what can the result be but 
the crudest of conjectures, tho wildest of theories ? 

It is of importance, then, that tho technical student 
should thoroughly understand that the sciences of 
physics are dependent upon facts, and those facts in 
turn depend upon close observation for their discovery, 
their patient and careful recording, and from them 
laws are deduced. If he has any physical theory to 
propound, any process to propound and explain, which 
he finds he has discovered, let him be sure — quite 
sure — that ho has been and is throughout dealing 
with facts, with things as they exist and which can be 
appealed to, and can be verified, used or applied by 
others as well as by himself. It is by the application 
of fficts that theories are tested ; and it cannot be too 
often repeated that it is to facts, and facts alone, 
that we owe all our maiwels of modern inductive 
science. 

Now, in the study of physical science there are, 
as in all other departments of study, two ways of 
following it up — tho right way and the wrong one. 
And that the wi»ong way is but too frequently 
followed is evidenced by the confused condition in 
which what they have studied is presented to and 
retained by the minds of so many students. On the 
principle of keeping to one thing at a time in the 
early stages of the study of physics, the general laws 
of nature, or what may be called the first principles, 
should early bo communicated to the student. The 
application of those to specific purposes will be illus- 
trated at a later, in some eases a much later, stage 
of study. Much of this special application will, indeed, 
be seen' only, when the student has reached and is 
passing through the stage of apprenticeship or train- 
ing in pi'actical work, by whatever system that be 
carried. This special application of natural laws and 
the various facts and phenomena fi^om which they 
have, by a process of inductive or Baconian reason- 
ing, been deduced, is a thing of slow growth, and 
is in fact being taught or added to by daily experience. 
It so comes about, therefore, that so long as a man 
is working he is learning. 
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THE ntON MAKEB: 

The Details of his Woek and the Principles op its 
Processes. 

CHAPTER XVI. 

The Manufaotare of Wrought Iron {cont imed). — The 
lanoaihire Hearth. 

In describing the method of refining iron desc^ribed 
in last chapter, we stated that the molten mass was 
stirred by the rabble rod so as to bring the metal 
within the sphere of the blast. And as through 
tlie action of the blast the refining and decarbonising 
process goes on, the metal becomes more and more 
spongy and pasty; and on the process being in 
the estimation of the “ refiner ” or workman near 
completion, the metal is brought up to the surface or 
top of the hearth and fused into the balls or blooms, 
which when in proper condition are taken out of the 
furnace and subjected to the after process of hammer- 
ing. The large pieces of wrought iron thus obtained 
aix) afterwards cut up into smaller portions. These 
are put into what is called a re-heating ” furnace, 
hereafter explained, brought to a welding heat, taken 
out and welded together to form certain sizes, and 
hammered. 

The refining or refinery furnace which was generally 
employed in this country, and which was, we believe, 
fii\st introduced by the iron masters of South Wales, 
was a modification of the Lancashire hearth just 
explained, in wliich a double set of tuyi^rea and nozzle 
pipes %vas used. These were set inclined at an angle 
of 30^“’, and the nozzle blow the blast from opposite 
sides, three tuyeres as a rule being placed on each 
side of the furnace. The fuel employed was coke. 
Fig. 5, Plate CLXXXIV., is a diagram which will give 
a general idea of the arrangement and mode of working 
of a refinery furnace of this type, a a, part of the 
furnace, which at upper paii} was finished off with a 
“ stack ” or chimney ; b, the treadle ; c, c, the tuyeres; 

d, the nozzle pipes leading the blast of air from tho 
blast pipes, e, e. The process of refining the iron by 
this method is comparatively simple as contrasted 
with the Lancashire hearth process we have described 
above. It is not so much of an actual producer of 
of wrought iron, like the Lftiiciishii’e hearth process, 
as a producer of a quality of iron greatly refined or 
with its impurities passed off in the resulting cinder 
or slag, wliich finer iron is by another process finally 
converted into wrought iron. In some respects this 
refining process now being considered may be looked 
upon as a mere extension of the blast furnace procos.s, 
inasmuch as, like it, the final product is passed from 
the furnace in a melted state, not brought into a 
partly spongy condition and made up into a ball or 
bloom which is then hammered. In this the later 
refining, and which at one time was largely used, the 


cast or pig iron is melted by the blast acting on the 
coke with which the furnace is charged, and after it 
is completely melted the blast is continued for some 
time, varying according to circumstances, but aver- 
aging say half an hour, till the oxidation is carried 
to the required point. This is judged of by the 
experienced workman, aided by frequent examinations 
of the melted metal and the cinder or slag formed by 
the process, and which he takes out by means of a 
rabble or iron lod. On the refinmg being completed, 
the metal with its accompanyiiig slag is run out into 
what is called a running-out bed placed in front of 
the furnace and at a lower level than that of the 
hearth of fig. 5, Plate CLXXXIIT. To aid tho separa- 
tion of the cinder or slag from the molted metal, cold 
water is thrown over the mass as it lies in the running- 
out bed. This chilled iron — for such it is — is then 
taken out of the bed and broken up into small pieces, 
which are afterwards passed through the process of 
“puddling.” Although the refining furnace as hero 
described, or with modifications of it, is still used, 
giving us a process preliminary to puddling where 
the best qualities, known in the trade technically 
as “ brands,” of wrought iron are required, the 
system is now almost universally disused ; and the 
manufacture of wrought iron carried on by a process 
so far ti tally distinct from it, and requiring there- 
fore a dilferent arrangement of furnace, that tho 
pig or cast iron to be convolved into wrought iron 
when being worked into this product is not allowed to 
come into contact at all with the fuel, and no current 
of air artificially prcniuced — that is, no “ blast ” is 
employed. 

We have seen, in tracing tho history of the process 
of wrought iron prodiurtion, that the quality of the 
fuel, in the earliest form of the refinery or “blooming” 
furnace, was of the highest — that is, charcoal was 
employed. In the next form, and that generally used 
in this country, which we may call tho melting or 
“ smelting refinery,” a less costly fuel was used — 
namely, coke. We have now arrived at that stage of 
the history of wrought iron manufacture in which the 
process can be carried on by the aid of the cheapest 
and by consequence the most impure form of fuel — 
namely, ordinary coal. This is used in the “puddling” 
process, and is now the chief, indeed, the only method 
used for the production of wrought iron direct from 
cast iron without passing through any preliminary or 
refining oj)eration. And it can be so used because, as 
wf have said, the metal does not come at all in contact 
with the fuel, so that none of its impui-ities can be 
comi^nicated to it. This principle gives the chief 
feature to the furnace employed in the modern method 
of “ puddling ” — namely, the giving of two chambers 
to it; one of these, as a a, fig. 6, Plate CLXXXIV,, 
being the furnace proper, in which the coal for 
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heating is consumed. The other chamber, 2) 5, is 
that in which the pig iron is placed and in which it 
is worked or ** puddled,'' and the blooms or “ balls " 
formed, which are then taken out and passed through 
the various processes of the modem method of making 
wrought iron which will be found duly explained 
hereafter. 

IVom the relative arrangement of these two cham- 
bers it will be observed by the careful reader that the 
metal lying in the chamber h 6, technically called the 
hearth " of the furnace, is treated solely by the 
flame and heated gases produced by the combustion 
of the coal in the furnace proper, a a. As these 
heated products from a a pass on their way to the 
flue d df leading to the stack or chimney, or to the 
steam engine boiler, which the waste giises in 
economically conducted works are employed to heat, 
over the chamber h b, which is separated from a a by 
the “ bridge ” c c, tliey are caused to beat down upon 
the metal partly by the deflecting action of this 
bridge " and partly by that of the surface of arched 
or inclined roof e e. This beating dowm or reverbera- 
tory action of the flames and heated gases from a a 
on the “ hearth " bb has given the name ** reverbera- 
tory " to the puddling ” furnace ; althougli the first 
of these names is now nearly lost in the latter, which 
is that almost universally employed in the trade, for 
every one knows that a puddling furnace on the now 
generally employed system of producing wrought from 
pig iron must be reverberatory." It will be observed 
that in the diagram of puddling furnace given in flg. 6, 
Plate CLXXXIII., the chamber or hearth is shown with 
a dotted lining. This represents what, in the technical 
language of the “puddler,” is called the ** fettling.” 
This is a mixture of ** basic ” substances, the principal 
one employed being an oxide of iron. This, under the 
great heat, melts or partially melts along with the pig 
iron, and forms writh the cinder what is called a 
** bath," in which the puddling process is carried on. 
As this lining (which varies in composition, ns pure 
oxide of iron is not attainable) becomes partially 
melted and is removed with the cinders, it follows 
that it has frequently to be renewed. The ‘‘ fettling ” 
of his furnace ** hearth ” comes to be an important 
part of the “ puddler's ” work ; and it is in connection 
with this part of it that the nostrums of puddlers, 
known to the trade as ‘‘ physics," the employment of 
which is said to produce wonderful eflTects in increasing 
the yield or the quality of the iron, play so important 
a part. At any rate, this is presumed by the puddlers 
themselves, who throw around their “physics” the 
shield of a close secrecy, each man professing to 
have his own particular physic, which “ beats all other 
physics hollow," and the knowledge of which he keeps 
with jealoul care. It scarcely requires to be said that 
there is little necessity for ma^ng any mysteiy of 
VOL. nr. 


these nostrums of the trade. They may be said, as 
a whole, to possess little or no value, or if they do 
possess this, it is in virtue of their being composed or 
pai*tly composed of substances which are well known 
to chemists, and known also to possess some influence 
on the yield and the quality of the iron. At the same 
time there is this to be said on the subject, — that in 
many processes there is always some “ trade secret " 
so called, some mode of working which expeiience 
alone can have discovered or shown the value of, 
which secret cannot always be explained by scientific 
principles. And, as beaiing on this, a suggestive 
story is told of an able chemist who went down from 
a learned city to teach science to the iron w^orkors of 
the Black Country, and who possessed, or is said to 
have possessed, a lofty scorn for all mere trade nos- 
trums, and was about, as 'tis also told, to show the 
utter uselessness of such “ old wives' fables," and the 
worthlessness of the so-called “physics” for fettling 
puddling furnaces — and to show also what science 
could do, and do so much better. And, as the story 
further tells, the chemist had to return to the place 
from which ho came, if not a wiser at least a sadder 
man, inasmuch as his science, accurate ns it was, 
could do nothing either in showing the absurdity of 
the fettling “ physics ” of the iron puddler, or how 
to provide scientific substitutes for them. 

The main principle involv’ed in the process of 
puddling consists, as w^e have already explained, in 
the oxidation of the carbon contained in the pig iron. 
This is accomplished partly by means of the union of 
the oxygen of the air with the carbon, and partly by 
combination with the oxygen contained in the cinder 
or other oxides added to the furnace during the 
operation. Now, in this removal by oxidation of the 
carbon, a certain amount of the iron always undergoes 
oxidation at the same time. It is necessary that the 
formation of an infusible oxide on the iron should be 
prevented when the balls are collected together for 
the purpose of being w’clded into larger ones ; for if 
this happens, it is evident that the process of welding 
will be greatly retarded. Silica easily unites with iron 
protoxide, forming a fusible silicate “ with which two 
pieces of iron at a welding heat may be coated, and 
yet weld soundly together under pressure, the inter- 
posed liquid silicate being expelled in a greater or less 
degree, having dlean, bright metallic surfaces to come 
in contact.” Tlie tribasic silicate of iron docs not 
act upon pure iron at a strong heat, but would rather 
keep it from contact, and therefore from oxidation. 
“ Accordingly it is sought to produce in the puddling 
furnace," says the same writer quoted above, “a 
silicate of this kind, which is termed *a welding 
cinder.'” The silica needed for this purpose is 
obtained from several sources: the silicon contained 
in the pig iron itself supplies it, as well as the sand 
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which the pig iron has always attached to it when 
cast in sand moulds ; the materials of the furnace bed 
also supply it. Much could be written on the subject 
of ‘Spuddling/' but what we have given, taken in 
connection with various statements as to the making 
of cast or pig iron in preceding chapters, and of 
steel production in the chapters of the series de- 
voted to that subject, and given under the title of 
“ The Steel Maker,” will convey to the reader nearly 
all that it is necessary for him to know. 

The Puddling Prooeis in the Wrought Iron Kanutacture 

(contimml'). 

The preceding paragraph has been taken up with 
a description of the important process of puddling.” 
the first of the series of operations by which wrought 
iron in its various conditions and forms is prepared 
for the market. In this description an endeavour 
has been made to embrace all the points calculated to 
make clear what the process is by which the metal is 
changed fx'om the crude pig iron into another form 
possessing woiking characteristics which enable it to 
be used for a wide variety of purposes for which in 
its form of cast iron it is wholly unfitted. 

The work of the puddler is, strictly speaking, con- 
fined to one operation — namely, the production of the 
lumps or masses of metal technically called ‘‘balls,” and 
sometimes, though rarely in this country, “ blooms.*' 
But this involves what may be called a series of opera- 
tions, all of which demand for their proper execution 
not only an amount of physical exertion which, as we 
have said, exceeds that of any manual labour in the 
wide range of technical work, but the exercise of a 
high degree of skill, and a thorough knowledge^ of the 
materials with which he has to deal. 

When the metal in the hearth of the puddling fur- 
nace is brought by the oxidising and stirring process 
into the proper condition — that is, when it is, as it is 
technically called, “ brought to nature,” it is gathered 
up or formed by the puddler with his rabble into the 
masses known as balls. Each ball as it is formed is 
not at once withdrawn from the furnace to be passed 
through the next operation or process in sequence ; 
but after preparing one ball he lays it aside within the 
furnace, until he proceeds to and finishes the making 
of two other balls. Each ball as it is made must be 
protected, while it lies in the furnace, from the active 
agency of the oxygen of the air present in the furnace, 
as this would oxidise the iron, or in other words would 
bum it and thus reduce its quantity while lowering 
its quality. To protect the ball from the oxygen, it 
is therefore covered over with or made to lie in 
the cinder of the bath, and this while placed near 
the bridge of the furnace. While the first process of 
puddling is being carried on — that is, the stirring up 
or the rabbling of the metal, and washing it in the 
cinder-bath — a bright 8inokele.«s heat is required; 


but on oommencing, and while carrying on the “ ball- 
ing ” up process, what is called a “ reducing ** heat is 
necessary. This is obtained by decreasing the draught 
of the furnace, and by adding a fresh supply of coals, 
and so manipulating them near the furnace door that 
together, in place of a bright, clear flame or heat, they 
produce a smoky ohe, largely impregnated with what 
we call soot, or with carbon not consumed. The object 
of this reducing heat is to prevent the iron or metal of 
the balls being burnt, or wasted and deteriorated in 
value, while at the same time the heat is high enough 
to keep the ball at the proper temperature required 
for the succeeding process through which it is passed. 
Taking up the first ball and manipulating it with his 
iron rod, to which it is welded or adheres, it is taken 
out of the puddling furnace and carried to the first 
of the machines, by which the metal is prepared in its 
condition of wrought or malleable iron for the market, 
after it issues from the puddling furnace. The work 
of the puddler, as the workman who does the woi*k 
connected with the process is called, is so exceedingly 
severe, not merely from the hard physical labour 
involved in moving the heavy, lumps of metal, and 
management or stoking of the furnace itself, but also 
from the excessively high temperature to which he is 
exposed, that numerous attempts have been made to 
do his work, wholly or partially, by the aid of special 
mechanism. Costly as have been the trials made in 
this direction, none of the machines brought out 
have in the true— that is, in the commercial sense 
of the word — been successful. We do not think the 
reason is far to seek. The puddling process is Twt 
purely a mechanical one ; it involves on the part of 
the “ puddler^' or workman a large amount, if not 
of intelligence, at least of careful attention and ob- 
servation, so that he adapts in a varying way his 
work to the varying circumstances of the materials 
he has to deal with. This involves the element of 
mind, or thinking. Now, automatic or self-acting 
machines designed to supersede manual labour can 
only do so where the circumstances of working are 
invariable, — a machine cannot think. Being partly a 
mechanical process, partly one demanding intelligent 
care, we believe the process of puddling will be 
mechanically aided only where the mechanism does 
part— say the most laborious part — of the work, and 
the puddler with his personal skill and care the 
other, 

Prooestes of tho Wrought Iron Maaufaotiire following the 
Puddling— The Shingling of the Puddled Blooms. 

In preceding paragraph, in describing the process 
o^ puddling, we arrived at that part of it where 
tie operation was completed and the puddled iron 
formed into separate masses or lumps, to which the 
name of “ balls” are given, — although they are not. 
as the name would seem to indicate, spherical ' 



THE IRON MAKER. 


215 


form, but are in shape of a parallelogram, or they may 
be more familiarly described as having a shape some- 
what like a baker’s (“ brick ”) loaf, the length of which 
is greater than its end or cross section. When we state 
that the weight of the balls is very considerable, 
varying from fifty up to as much as eighty pounds, 
and that the handling of these by the rabble or iron 
rod is carried on in front of a mass of fuel and metal 
at such an exceedingly high temperature that the 
light it gives is so dazzling that one unaccustomed to 
it cannot look at it for more than an instant, and 
that only painfully, the reader will have some con- 
ception of how hard and exhausting the puddler’s 
work is. When the balls are ready they are with- 
drawn from the furnace; they are taken from it 
and carried to the first mechanical process by the 
puddler’s .assistant or mate, termed the “ under-hand.” 
For the work of the puddler is too important for 
him to be taken from it to perform the simpler duty 
of merely carrying the ball from the furnace to the 
shingling ” process, which is tiio first of the purely 
mechanical operations through whicli the puddled 
iron is put and formed into bars, rod rails, and 
plates. The shingling process, or blooming as it is 
sometimes called, is one of simple hammering; and 
its object is, in the fii-st place, to squeeze or force out 
the “cinder,” which flies in all directions in the form 
of showers of brilliant sparks or flakes; and in the 
second to give to the mass of iron thus partially freed 
from its cinder a certain degree of consolidation, to 
fit it for the succeeding processes. From the niere 
\ ize or solidity of the “ ball ” the reader will perceive 
that very pondcinns blows must of necessity be 
given to it, in order that the whole mass may feel 
the effect of the squeezing-out influence of the 
hammer. The first form which the machine- wrought 
hammer took was that known as the “tilt” hammer. 
The character of this ponderous implement, as used 
in the “shingling” of the “ ball,” and the mode by 
whicli it is actuated, is illustrated in fig. 1, Plate OXC. 
In this a a is the “ helve,” corresponding to the 
handle of the hand hammer. This works on a pivot 
supported or carried by the pedestal h h, which with 
the anvil c is firmly secured to the foundation dd, 
which is very massive, and is built with great care 
in order to resist the powerful impact of the hammer 
on the anvil. Some idea of the force of the blows 
which the foundation has to I’esist and meet, and 
also of those which the ball i*eceives as the hammer 
descends upon it, may be had when we mention that 
the hammer, including the “helve” a a and the 
“ head ” e e, weighs between four and five tons, and 
is worked at such a speed that it gives a shower of 
blows at the rate of a hundred and fifty per minute, 
hammer is lifted or “tilted” up, and allowed to 
th^Il through a distance or vertical height sufficient 


by the momentum of the falling mass, a a, 6 e, to give 
the force to the blow required. This tilting is eflecte<l 
by the revolution of the wheel or drum ff, to the 
periphery of which “wipers” or projecting parts, hht 
with curved sides as at A; in separate diagram in 
fig. 1, Plate OXC., are fixed. As the drum ff 
revolves in the direction of the arrow, the wiper h 
coming in contact with the edge or under side of 
hammer head, as at Mn the separate diagram, lifts 
the betid up, and when the wiper passes by the 
revolution of the drum from contact with it, the 
head e e and helve d d fall, the head or hammer 
proper, e e, striking on the “ ball,” which we suppose 
to be lying in the anvil cc. It will be observed, 
on inspecting the figure, that the upper surface of 
the anvil cc and the lower surface of the head or 
hammer proper ee are not flat, but are pro\'ided 
with projecting parts and corres}x>n<ling indentations. 
This is a modification of the well-known but exceed- 
ingly useful appliance of the ordinary blacksmith 
known as tlio “swage,” for giving surfaces corre- 
sponding to the facets or surfaces of ordinary hammers 
known as their panes ; and is used in the tilt hammer 
operation by the “ sliingler ” (the workman super- 
intending the hammering or shingling of the ball 
being so called) to give certain efiects, and to give 
it such a form as to enable it to be passed 
through the next process, or that of rolling. The 
iron bar or rod by which the under-] jand or mate 
of the puddler cjirvies the ball from the puddling 
furnace to the tilt hammer is by its fii'st blow 
firmly welded to the “ball,” so that it aftbrds a 
handle by which the “ sliingler ” or hammerman can 
manipulate the ball under the blows of the hammer. 
Accoi'ding as the ball is placed in relation to the 
undulations and projections on the head e e and anvil 
c c, the boll is increased in length or in breadth as 
desired, till when finished it has a lengtli of about 
twenty inches and a thickness of four or five. The 
roughness given to the surface by the indented parts 
of the head and anvil are smoothed down by the 
hammer while the bar lies on the flat -faced portion 
of the anvil. Only a comparatively small number of 
blows is required to be given to the ball in order to 
give it the form of a rough bar, which is ready now 
for the next or the “ rolling ” process. The form of 
tilt hammer illustrated in fig. 1, Plate OXC., although 
occasionally in some parts still to be met with, has 
been largely and practically almost superseded by the 
“ steam hammer ” ; but we give it hero as it illustrates 
the general principle of “ shingling.” 

After the shingling or hammering, the bloom is, 
as just stated, passed to the next operation in sequence 
— namely, the rolling. The rolls here employed are 
termed “shingling” i-olls or rollers— sometimes the 
“ roughing rolls.” 
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THE CABINET KAKEB. 

The Technical Details, and the PBiNcirLES affecting 
THE Design op his Woek. 


CHAPTER IV. 

At conclusion of last chapter we offered some remarks 
as to the honesty of work. And much as we may now 
talk of this cause and that cause, to account for the 
decay of trade and the various ills which on all sides are 
admitted to affect callings of all classes, we fear that 
this cause is but too often overlooked, — the lack of 
pride, or lather we should say of principle, on the part 
of the workman in his work ; nor less should it be here 
added, on the part of his employers who sell what they 
know not to be good and true. It w^ould be well, when 
we are singing pseans of praises in honour of our high 
civilisation, to remember the period in which, if civilisa- 
tion, as looked at from our point of view, was low, prin- 
ciple and the exorcise of it was high, and held in higli 
esteem. This consideration applies to us all — workmen 
by the hand, workers by the brain — earnestness and 
honesty of purpose and of life, even in the meanest 
of work, are what alone give value to it. 

The Character of the Materials used in the Making of Furni- 
ture a Point of Great Importance. — Old-fashioned Work 
as compared with Hew in this respect.— Practical lessons 
to be learned from this. 

But not less marked in the furnitui'e of our fore- 
fathers was the materials they used. Common 
sense enough they had, if they sometimes lacked our 
artistic sense ; and this common sense told them that 
it was but folly to put the highest class of workman- 
ship, which would last for generations, upon mateiial 
which, being of poor quality, would not live out half 
the period. The “ stuff” they used then was of the 
best ; and of many of our furniture makers it may 
be said that they also are wise in their generation, and 
use also, in their view of the matter, their common 
sense too. For, knowing that the workmanship they 
give to the ariicles is calculated to keep the articles 
together only sufficiently long at least to hold out till 
they can be “ sold,” they wisely give materials which 
are quite in keeping with the workmanship. They 
very naturally argue in a way the converse of the old 
honest workman, and conclude that it is folly to give 
materials that will last so very much longer than the 
liad workmanship which serves to keep them together 
for the very minimum of time. Both as regards 
workmanship and materials, a large proportion of our 
modem furniture is thus and therefore practically 
worthless. We do not here enter into a considera- 
tion of the question how far the blame of this is to 
be laid on the maker and tl^e seller, and how far 
implicated in the matter is the purchaser. No doubt 
the rai?e for cheap things simply as such, without any, 


at least without a due regard to their true worth or 
their utility, does lie, to a large extent, at the root 
of the system which admits of bad work and worse 
materials being sent out. Those who live by the 
system assert that this desire on the part of the 
public for cheapness actually compels them to give 
bad work and materials. They maintain that they 
give honestly full value for the money they actually 
receive from purchasers ; although they know well 
enough that the whole transaction is practically a 
mockery, for the articles are not what they pretend to 
be — they possess no true utility. Cheap and nasty ” 
is a well-known phrase, and by no means elegant withal 
in its terms ; but it would be well if purchasers of 
furniture would bear in mind, oftener than many of 
them do, the lesson which it conveys. So also that of its 
paraphrase, as given in the other saying, “ the dearest 
is cheapest.” At the same time, the contrast as between 
the makers of this modern so-called fumiture, which 
furnishes the purchaser with what he finds but too 
soon to be a “ delusion, a mockery and a snare,” and 
the makers of the old-fashioned furniture we have 
alluded to, conveys a lesson to us of some worth. 

The Inflnenoe of a Desire on the Part of the Pnblio to have 
Cheap Work on the Progress of the Art of Cabinet Making. 

Tho old honest workman could not if he would give 
bad work ; and if he could would not in any wise have 
given it. But, in the high integrity of his character 
as a workman, with whom work in the highest sense of 
tho term was a thing which had to be done in reality, 
not in fiction, he could do no other than give the very 
best workmanship of which he was capable. The rage 
for cheapness^ if it existed then — which we have very 
good reason to believe it did not — did not affect him. 
To its claims, if ever they were presented to him, he 
wwld and did have but one reply : I do not give 
you bad work, for bad work I cannot do, and would 
not if I could; if you cannot pay the price for it 
there is no more to be said — no money, no work. My 
work is of the best ; it is worth your money. I offer 
only a fair exchange.” All such considerations, some 
of our readers may say, are purely moral and social, 
and have no practical concern with the subject in 
hand. We crave the pai’don of such, if such amongst 
our readers, there be — which, however, we take leave 
to doubt — for saying most explicitly that such con- 
siderations do affect the subject in the closest possible 
manner. The morality of the trade, the morale of 
the workmen, constitute simply its vital principle. 
This principle and the merely mechanical work cannot 
be divorced : if a separation be made, it means only 

r to both; and it will surely be admitted that 
result of the execution of work depends for its 
value wholly upon the principle upon which the work 
is executed. The work done is surely influenced by the 
way of doing it ; and it will farther be admitted that 



THE CABINET MAKER. 


217 


if the moral and social considerations were^ as a rule, 
taken into account and followed out, the dissatisfaction 
which so widely exists between makers and purchasers 
would cease to exist. We may not always be capable 
of reaching to a high standard, but we are much 
more likely to reach it if we are convinced that 
it would be and is a good thing for us if we covM 
reach it. To aim high is incumbent upon us all, 
and we should assuredly consider ourselves worthy 
of grave censure if we omitted to place before our 
pupil readers, be they youths or men of mature 
years, all the considerations which affect the highest 
interests of the callings which occupy the cares of 
their daily lives, and upon which their onward pro- 
gress and true prosperity depend. 

Utility in Famiture— How it may he Saorifioed. 

We have said that utility is an essential point to 
be considered in the designing and construction of 
furniture — that is, that if it be not really useful and 
fitted to serve the purposes it professes to serve, it 
may, for all practical purposes, be loft unmade. If 
the watch I buy does not go, or, if going after a 
fashion of its own, goes so badly that in place of 
guiding it misleads and betmys, I may as well save 
my money and refrain fi’om purchasing it — unless I 
buy it for the mere look of tlio thing ; but at the best 
it is a make-believe, and I do not practically possess 
that which I seem, and only seem, to have. It 
I'eminds me of the Irishman who was put into a 
sedan chair which had no bottom : ostensibly carried, 
he had to carry himself — and, as he sagely remarked, 
“ Had it not been for the name of the thing I might 
as well have walked.” Better 1 but for the reputa- 
tion, such as it was — his encaged and confined walk 
could not have been of the most comfortable. One 
may well apply this grotesque story to the subject in 
hand, and ask how often one might as well not have 
articles in the house, but for the name of the thing, 
the reputation, or the look of the thing? — for, in 
reality, they possess no utility. There are many 
households in which articles of furniture are put 
aside in some situation from which they cannot easily 
be taken out for use, simply because they are of “ no 
use,” for all purposes for which they are designed being 
utterly worthless ; they may be there for ornament, 
but certainly not for use. This may arise, and does 
generally arise, from disgracefully bad workmanship 
and as disgracefully bad materials. But utility ” is 
often lost sight of in other ways — for utility, as we 
have seen, carries with it more points than one. The 
designer should always ask himself, in beginning his 
work—** What are the uses for which this article I 
am about to design, and afterwards to make, is really 
designed? what are the requirements of the user 


which it should meet ? If I used it for myself, what 
qualities should I like it to possess ? It is my duty 
to think of every possible contingency which may 
arise affecting its use.” If this were done as a rule, 
the cases in which fitness and convenience are almost 
totally lost sight of would not be so numerous. 
Mistakes in design, errors in workmanship, in nine 
cases out of ten, arise from pure thoughtlessness. 

Practical Examples of BefeoUve Design in Famiture 
Destroying or lessening its Usefulness. 

Articles are not only made so as to be inconvenient 
in handling, but uncomfortable when used. Some 
are made so as to be the cause of disagreeables ; 
some positively possess dangers, from which more than 
one of our readers, we feel assured, have suffered. 
Articles of furniture, with which people in bustling 
about are apt to come in contact, ai^e made with the 
sharpest edges at their corners, or with carved orna- 
ments in such high relief that they yield sharp points, 
which are not only but too frequently catching 
objects of dress and tearing tliem, but are the ocwisioii 
of many a severe bump or blow, which children, 
especially, suffer considerably from. We have seen an 
iron bedstead so designed and constructed that it was 
more than inconvenient — it was positively dangerous. 
In one example the wliolc of the ornaments were so 
designed that they afforded a forest, so to say, of 
projecting points, which wore perpetually catching 
clothing ; and we have seen a garment, perhaps but 
too hastily taken up, ripped up from end to end by 
catching one of these projecting points. Worse than 
this, wo have seen examples of bedsteads so de- 
signed by way of ornament, and so constructed 
and finished, that projecting parts, having edges as 
shjirp as knives, acted not seldom as dangeiously. 
Conceive of such a chevaux de /rise of cutting 
edges being placed within all too etisy reach of a 
sleeper^s heixd; an uneasy movement, which might 
occur at any moment during helpless sleep, might 
result in his cheek or hand being ripped up by an ugly 
wound inflicted by one of these sharp edges. We do 
not exaggerate : wo remember seeing at an hotel a 
bedstead bandaged like a hospital patient, here and 
there with white linen neatly wrapped and tied with 
coloured ribbon. Wo asked the I’eason, and were told 
that till it was replaced it was so treated to prevent 
a recurrence of a somewhat gmve accident, which had 
happened to some hasty or unlucky inmate of the 
room, who had his hand most severely lacerated by 
one of those sharp cutting edges with which the 
thoughtless designer had adorned it by way of orna- 
ment, and which the equally thoughtless workman had 
sent out without all those projecting points being in 
some measure at least toned or blunted down. 



218 


THE STEEL MAKER. 


THE STEEI KAKEB. 

The Details op his Work— The Principles op its 

Processes— The Qualities and Characteristics op 

ITS Products. 

CHAPTEll XV. 

At the conclusion of last chapter we stated that the 
ease with which large weights of melted metal are dealt 
with is one of the marked features of steel making. 
Sr) marked is this, that he requires to think for 
some time that the men employed are dealing not only 
with a most dangerous material, hut weighing many 
tons in the mass. And yet the whole is handled, so to 
gay — this is the only expression we can use — with such 
ease, and with such precision of detail, that it might 
be handfuls a few ounces in weight with which they 
are concerned, and as innocent in nature as cold water 
or sand. Yet how dangerous the work let those tell 
who have known it practically for long, and been 
mixed up daily with it. You may ask an experienced 
manager not if accidents ever happen, but if they 
happen often; in the shrug of his shoulders, if a 
stolid business man, reticent as all business men — in 
the involuntary shudder, or the shade which passes 
over his face, if withal a kindly man — you may form 
your own conjectures what accidents must ho when 
they do happen, and that they happen more frequently 
than the general public are aware of. It is almost 
the litoral truth that those in daily work at Bessemer 
steel making hold,^’ to quote the graphic phrase, 
** thoir lives in their hands,” — a truth not altogether 
inapplicable to strangers who may be only spectators 
of the blow, as more accidents than one have un- 
fortunately testified. 

The direct method of taking the molten pig iron 
from the blast furnace and conveying it at once to 
the converter to bo changed into steel, can, of course, 
be carried out only at works in which blast furnaces 
for the making of cast iron are continually in full 
blast. In districts and at places where this dual 
condition of working does not exist, the indirect 
method, in which the cupola is required to re-melt the 
pig-iron before it can be put into the converter, must 
V)e adopted. The general arrangement of a Bessemer 
steel works in which the cupola forms a feature is 
very much the same now as that originally intro- 
duced. And this remark applies more especially to 
the mechanism of the plant ; for, as we have had 
occasion to observe, Sir Henry Bessemer had so com- 
pletely thought out the mechanism best adapted to 
his process, that very little improvement has been 
made in it, and that where made it has been more 
in details than in principle. So that it is only to the 
expert in this department of work that there appears 
any difiference between the plant, including the mecha- 
nism, of works which were erected years ago, and those 


which have been but recently set to work. The plan, 
then, which we give, with accompanying details, illus- 
trate the first or early works planned by Sir Henry 
Bessemer himself, already described and illustrated 
by figs. 1 to 6. 

Practical Workmg of the Beiiemer Proceci.— The Converter. 

It does not come within the province of our series 
of papers to enter fully into the details of the me- 
chanical means employed to carry out the processes 
of steel making, which are chiefly occupied with details 
alFocting closely the nature of the processes themselves ; 
still it will be useful to draw attention to some parts 
connected with their mechanical featuras. 

And first as to the ‘‘ converter ” vessel itself. 

As stated by the inventor in his paper, part of 
which we have already given, one of the g!oat 
difficulties attendant upon the perfecting of the 
details of the piDcoss arose from the converter, as 
it was at first found impossible to get a material 
for its lining which could withstand the intense 
heat which the process created. This heat alone was 
not, however, the only distinctive agency by which 
the fire-brick at first used for lining the converters 
was damaged ; the dissolving action of the slag was 
much worse than the mere heat, high as the tem- 
pemture of that wfis. This action of the slag was so 
powerful and rapid that a thickness of fire-brick lining 
of three inches has been known to be dissolved or 
destroyed by the slag in the space of thirty minutes, 
which was then the average duration of a ** blow,” 
as the operation of converting a vessel full of the 
metal is sometimes called. The difficulty was got 
over by applying a material called ganister,” abun- 
dantly found in the noighlx)urhood of Sheffield. This 
subsUince plays so important a part in all metallur- 
gical processes in which intense tompeiutures are 
required to be withstood, that a brief notice of its 
peculiarities will be interesting here. Ganister is a 
mineral substance composed chiefly of silica-, with a 
small percentage — about a hundredth part — of lime, 
and of albumina ; it may be defined as fine particles 
produced by the giinding down under natural 
action of quartz rocks. Ganister has a waxy or 
glassy like fracture, not like the granulated and dull 
surface of ordinary sandstone, which it does not at all 
resemble. It is very hard and tough, and is capable, 
unlike all other sandstones — with which some class it 
— of being worked up under moisture into a compact, 
solid, and close plastic substance, precisely as the dried 
particles of clay can be worked up into a plastic sub- 
stance or body, under moisture and pressure. It is 
pi'operty of being kneaded which, combined with 
its capability of standing the highest practically at- 
tained temperatures, or its high “refractory” qualities, 
which gives it such value as a material for lining 
vessels, or for being used for purposes where resist- 
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anoe to great heat is to be sustained. The geological 
position of ganister is just below the coal strata, thus 
generally underlying the coal measures. It is found 
in comparatively large beds in Yorkshire, the most 
productive bed yet worked being at Penistone, on the 
Manchester and Sheffield railway. The ganister found 
at this place, and also at Sheffield, but a few miles 
distant from it, is of the highest quality. 

In lining the converter the ganister is, when worked 
up into the clayey«like condition, forced or squeezed 
into the ring-like space left between the sides of th® 
vessel and a central mould placed in it. The con- 
verter is formed in two parts, which greatly facilitates 
the lining, and when the lining is completed those 
parts are secured together by bolts and nuts. The 
lining is dried by the combined use of first a coke 
fire lighted in the interior of the converter, and 
afterwards this urged gently by the blast passing 
through the perforated bottom. The part of the 
converter lining which wears out most rapidly is the 
bottom, with its tuyeres through which the blast is 
forced ; it i-cquires to be renewed frequently — often 
every tenth blow or working, according to circum- 
stances. To renew the bottom under the old system 
of working, the conveiter had to be cooled down, 
when the bottom was rolined. The time lost and 
expense incurred were successfully got rid of by the 
American metallurgist, the late Mr. Holley, who 
devised a system of making the bottom quite inde- 
pendent of the body of the converter. By this 
means the old worn out bottom could be taken off 
at once, and a new or fresh lined bottom put in its 
place, thus avoiding all delays in the cooling down of 
the converter as a whole, and doing the work of 
lining much more quickly than in the old system. 
The joint between the bottom and the body of the 
vessel is made good with ganister, which can be forced 
into it from the outside, thus saving time. 

Practical Working of the Beiiexner Proceis.— The Casting 
Ladle. 

A very important part of the Bessemer apparatus 
is the turning or casting ladle. This receives the 
molten steel from the converter, which is tipped over, 
as explained in a preceding chapter, in connection 
with figs. 1 to 6 inclusive; and the ‘‘ingot moulds” 
are filled from this ladle. This, shown in section, in 
% 6, in the act of pouring the steel into the ingot 
mould, is that designed by Sir Henry Bessemer at 
the early period of the history of the proc.ess, as 
described in a preceding chapter, and illustrated by 
drawings figs. 1 to 6. Several improvements have, 
since that early period in the practical working of the 
process, been made, chiefl^y with a view to facilitate 
and control the flow of the melted steel from the body 
of the ladle, into which it has been poured from the con- 
verter into the ingot mould, placed in the ingot pits, 


as shown at 4 in fig. 4. The general details of the 
arrangement, and working gearing of the crane by 
which the casting of the ingots, or the shifting of the 
position of ladle from one ingot to another, remain 
very much the same as designed by Sir Henry Besse- 
mer. We have already alluded to the facts that, 
so thoroughly had he thought out the system as a 
whole, and so well adapted his mechanism to its 
requirements, that it remains practically unaltered at 
this day. Many details have been improved, but the 
main features remain unchanged. The following de- 
scription will give the mechanical student a fair idea 
of tho general arrangements. The casting ladle, the 
body of which, it is scarcely necessary to say, is of 
iron, is lined with a strong clay loam. The ladle is 
itself supported in its frame by — and is capable of being 
swung or tilted, when in the act of “ teeming ” its 
contents into the ingots, upon — side trunnions. Those 
are placed at points of the ladle side eoiricidont very' 
nearly witli tlie centre of gravity of the ladle, when it 
contains its full charge of the melted steel from the 
converter. This arrangement reduces the power 
necessary to tilt over tlie ladle when “ teeming ” to 
a minimum. The casting ladle thus hung on its 
trunnions is swung or suspended from the end of the 
jib of tho casting ladle or ingot hydmuHc crane. 
This jib, as shown by tho drawings referred to 
above, is carried by and placed upon the upper ex- 
tremity of the crane post h 4, fig. 3. Tho teeming 
hole through which the molten steel passes from tho 
ladle to tho ingot mould is closed when required, and 
a refractory plug fixed at tlie end of a rod, which Ls 
also covered with a refractory substance to resist the 
heat of melted steel. The rod is moved up and down 
this, opening and closing tlio teeming hole by the levers 
as shown. 

Debasing Oonstitnenti in Iron Ores used for Steel Making. 

In the course of our remarks, both in this present 
series of papers and in the companion series, entitled 
“The Iron Maker,” we have had occasion to refer 
somewhat frequently to the constituents or elements 
present in iron ores which lessen their value as 
sources of metallic iron of good quality, and this from 
the debasing or deteriorating influence which they 
exert. The reader will find those debasing con- 
stituents of ore detailed, and the way in which they 
influepce prejudicially the metal obtained from the 
reduction of the ores, under the head of “ The Iron 
Maker.” From what is there said, as well as from 
remarks more or less direct in other parts of that paper, 
and also in the present series of papers, the reader 
will perceive that of all the debasing constituents 
present in the ores of iron, those of phosphorus and 
sulphur are the most dreaded by the iron master, 
and by the steel maker more especially. How they 
act on the metals produced in the processes of both 
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of these we have already in the appropriate place 
explained. Affecting powerfully, as those debasing 
constituents in ores do, the commercial value of the 
metals produced from them, the reader will easily 
understand how it is that the successful solution of the 
problem how to eliminate cheaply and quickly phos- 
phorus and eulphur from iron, and from iron used 
in the production of steel, has for long engaged the 
attention of practical metallurgists and of scientific men. 
In view of the enormous supplies of ores possessed 
of but too high a percentage of those debasing con- 
stituents, and of the amount which could be realised 
if those constituents could be got rid of cheaply and 
quickly, the prize which could be secured by the 
discovery of a successful system has been worth 
striving to obtain. How it has l>een attained, and 
as it is now proved, as we believe beyond all doubt, 
most successfully, wo now proceed to show. The 
subject is one not merely of such direct pecuniary 
or commercial importance, but carries with it much 
that is of great interest looked at from the purely 
metallurgical point of view. 

The Thomae-Oilchrut ProoeBt of Bephosphoxiiing Iron Ores ; 
otherwise the Baiio ProoesB. 

This process of dephosphorising iron ores, which 
bids fair to revolutionise the iron and steel trade, is 
known as the Tliomas-GilchrLst. It has for a long 
time occupied the attention and engaged the business 
interest of a large number of those directly connected 
with the iron and steel trade. Circumstances are 
not wanting to show that that attention will be 
more widely given to it, — that the practical interest 
of business men will bo still more extensive. And 
this is likely to be so ; for unless the fii*st scientific 
and practical authorities connected with the iron and 
steel trade be mistaken, and unless (which is indeed 
still less likely to happen) the indications at present 
afforded by tlio practical working of the process be 
altogether changed, the Thomas-Gilchrist process is 
likely, although in another direction, yet singularly 
enough in more or less direct connection with its 
use, to as completely revolutionise the trade as the 
Bessemer process did. And that this opinion of 
scientific and practical men is well founded, everything 
around us indicates, even making all due allowance 
for such perhaps slightly over-coloured statements 
made or over-sanguine views respecting it held by 
some who are disposed to make the moat of a new 
thing which strikes their imagination or engages 
their business interosts. It must be confessed that 
this class is numerically very small in connection with 
any new process, and all the smaller is the number 
the more pretentious the process is, the more im- 
portant the work which it proposes to do. The 
majority is all on the other side ; and indifference, 


prejudice, class interests and personal pique all com- 
bine to form an opposition to any new process or 
invention, which is all the stronger the higher its 
claims are to public notice. All branches of our 
industrial work abound in examples of this latter 
condition of matters ; and, as we have seen, the iron 
trade is not marked by having so very few of them — 
some, indeed, the history of which is a blot on the 
fair fame of our industrial workers. The Thomas- 
Gilchrist process at one time had a very narrow 
escape from being an addition to the list — all too 
long — of methods of working of the highest value 
being lost to the nation by pure indifference and 
neglect. At and for some time after the announce- 
ment of the discovery — for it comes, if not quite, more 
within the range of discoveries than that of inven- 
tions — success seemed very likely to be rendered 
impossible; and this not from any opposition of a 
direct kind from practical men, not from any dis- 
quisition more or less laboured showing the errors 
of the discovery from scientific men, but simply from 
neglect and indifference. In short, it was very much 
treated in that way but too well known in one or 
other of its aspects to all men who have had largo 
experience of life, which indicates that men think so 
very little of a thing that it is not worth while to 
take the trouble even to condemn or refute the claim 
which it makes to notice. And of all methods of 
treatment this is the hardest for men to bear. One 
can defend oneself when attacked, nor is one’s self- 
respect or esteem lessened; but not to be thought 
worthy of being attacked at all is quite another 
thing. He is a poor man indeed who possesses 
nothing which the thief thinks worth robbing him 
of. 

In the history of any new process it is com- 
paratively easy for men to understand its general 
pnnciples ; but it is not given to every one to grasp 
its possibilities or potentialities of success. In all 
great discoveries it may, indeed, be taken as a mle 
that their results ultimately far exceed the expec- 
tation or even the most sanguine hopes of their 
discoverers. Something flows out of them which 
even they did not dream of, — just as a man tra- 
velling in a hilly country conceives at some com- 
manding point that he has within his vision a view 
of the whole region surrounding him ; but has only 
to reach some higher point, or even but to change 
the outlook from that which he at first occupied, 
to find a wider range or newer aspects of view. 
One thing leads to another, and there are but few 
successful discoverers and inventors who are not 
asAiished, at the end, how different the position their 
work has assumed, compared with that which it 
occupied at the commencement of their career* 







THE GEOMETRICAL DRAUGHTSMAN. 




THE ORNAMENTAL WORKER IN WOOD 
ELEMENTS OF CUT-WOOD WORK. 








THE TECHNICAL STUDENTS INTRODUCTION TO MECHANICS. 


221 


THE TECHNICAL STUDENT’S INTRODUCTION 
TO THE OENEBAL PRINCIPLES OF 
MECHANICS. 

Laws AFFKCTiKa Natural Phenomeka-->Matt£b akb 
Motion. 

CHAPTER XXXIV. 

Matter. — Bodiei.— Materials. 

Wb said under this head, at the end of preceding 
chapter, that the mechanic has frequently to change 
the character of the materials with which he has to 
deal, to fit them for his work; or failing this work 
as done by him, the man of science for him is, so to 
say, compelled to find out methods of working or 
preparing those materials. So that what appeal- to the 
unthinking mind to be simply difficulties thrown in 
the way, preventing man from availing himself of 
natural products, are seen by the reflective mind to be 
some of the kindest provisions of an albwiso Crefitor; 
inasmuch as, to get the highest and widest range of 
usefulness out of natural materials man is compelled, 
so to say, to exercise his power of observation and of 
thought, and to apply his skill and enei gy to discover 
new combinations, invent new processes, and design 
new machines, appliances, or apparatus. Let the 
youthful reader, in looking on the one hand at a 
mass of crude cast iron, or, better still, a mass of 
iron ore, and on the other the finely delicate hair- 
spring of a watch, try to bridge over, so to my, 
the wide interval or space which separates the highly 
finished product of the spring from the mass of iron 
ore from which it has been made; and he will see 
that to fill up that spa<!e an enormous amount of 
thought, inventive ability, and constructive skill 
must have been expended before a result so surprising 
and yet so satisfactory could have been obtained from 
an origin so unpromising. The youthful mechanic 
will thus perceive that the mere number and variety 
of the materials and their charactoi-istics compel, as 
it were, that patient observation and that careful 
thought which put into action can alone give him 
the materials in the form and with the characteristics 
his special woi'k demands. After these preliminary 
and, as wo design them to be, practically suggestive 
remarks, we proceed to point out some properties of 
bodies or materials to which we have as yet refrained 
from referring, or, if we have named them, have done 
so only incidentally in connection with other points. 

Bodies for our specified purposes we prefer to call 
materials, as they are all made up of “ matter,” which 
has been treated of in an early chapter. All the 
phenomena presented by those materials are, as we 
have said, regulated and controlled, as they are, so 
to say, created, by the two great laws of nature — 
attraction and repulsion. That of attraction is the 
one which brings about all the conditions to which 
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we have given the names of porosity, density, hard- 
ness, elasticity, ductility, malleability, etc., etc. And 
before beginning to notice specially each of these 
characteristics of materials, it is here again necessary, 
as it is interesting, to observe what we have already 
referred to, — that those characteristics are only relative, 
not absolute. Thus we take a bar of steel, and find 
that by no force manually employed can we bend it 
or cause it to change its form ; and before this change 
can be eflTected, it requires the application of a higher 
force. Wo decide that it has a certain property to which 
we give the name of rigidity, and are inclined naturally 
to conclude that rigidity is an absolute property; 
hence we classify, or attempt to classify, bodies as 
rigid as contrasted with those which are not rigid. 
But there is actually no such thing os positive or 
absolute rigidity, for the same bar popularly pronounced 
to be positively rigid, under other conditions can be 
so reduced in rigidity that its form can be changed 
with compjirative ease. So, again, in relation to the 
property of materials known as porosity, the cha- 
racteristics of which will be explained in next 
paragraph, we take a mass of metal, say gold, and 
in examining it and knowing its behaviour ” — to 
use a term employed by engineers — under ordinary 
circumstan(!cs we popularly pronounce it to be a 
non-porous substance. But as there is no such thing 
as positive or absolute rigidity, there is also no such 
thing as positive porosity ; for under certain con- 
ditions the same mtiss of metal can have water 
squeezed through its pores. The same holds true 
of all the other properties of materials to which 
certain names are attached, as if these properties 
were positive or absolute. But although those names 
do not convey scientifically correct conceptions, as the 
properties are only relative or rather conditional, 
dependent upon cii-cumstancos, still they are highly 
useful in conveying to the mind certain attributes 
wffiich belong generally to the materials in what 
may bo called their normal, natural, or ordinary 
condition. In no department is the truth of the 
proverb “circumstances alter cases” or conditions 
so true as in that of materials. And if we find, 
as we shall do, that the one great law of attraction 
regulates the properties of bodies — such as porosity, 
density, etc., etc. — so the other great law, that of 
repulsion', causes many of those changes in their 
condition by which we see that these properties are 
only relative or conditional, and not absolute or 
positive. 

ConBtitiieiiti of Bodiei.^PropertieB of Bodioi. 

In an early chapter in the present section wo 
explained, as clearly os the natural obscurity of the 
subject permitted, the nature of the constituents of 
all materials or bodies, and there showed how those 
ranged themselves under what may be called three 
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classes : first, atoms ; second, particles or molecules ; 
and third, masses. Rigidly followed out, all bodies 
are composed of atoms only, this being the primary 
or elementary form, if this term can be applied to what 
have never been seen and cannot be divided, as they 
cannot be handled. The law which regulates the 
grouping together of atoms so as to form particles or 
molecules, and of particles so as to form masses, is that 
of attraction. And it is the way in which this law 
operates in relation to the atoms and molecules which 
gives the characteristics of bodies, or what we call 
materials. In this connection the young student had 
better confine his thoughts to molecules or particles, 
those being capable of physical examination — atoms^ 
after all, so far as we are concerned, being but 
mental conceptions. Lot him, therefore, consider a 
number of molecules possessing the chemical and 
mechanical features which make up the constituents 
of any body or material as drawn or massed (see 
''mass'' in a preceding paragraph) together by the 
law of attraction so as to form a solid body. He will 
bo apt to conclude that this solidity is obtained by 
the molecules lying so closely together that all their 
sides touch or their surfaces are in contact with 
each other. This is not so, for scientific men have 
discovered that the law of attraction, in massing 
together the molecules of a material, apparently acts 
not over all their surfaces, but only at certain of their 
points, the point of one molecule attracting or being 
attracted by the corresponding point of another and 
its neighbour molecule, and it is only those points 
which attract to or cohere with each other. This 
peculiarity is illustrated by — if, indeed, it may not 
hereafter be proved to be the same action as that of — 
the "behaviour" of magnets, which, when placed in 
conjunction or closely to one another, attract each 
other only at certain points, and never at any other. 
To those points in magnets the name of " poles " has 
been given. And borrowing the term— indeed, as 
above suggested, it be not strictly applicable, inasmuch 
as from recent discoveries and applications of the prin* 
ciple which we call electricity it is probable that this 
is present in all molecules and masses — this peculiar 
mode of attraction of atoms or of molecules is called 
the polarity of atoms or of molecules. Now, if the 
young student will think the matter over, the variety 
of the con.stituents of materials which gives the 
varieties of the materials themselves must give a 
variety in the form, so to express it (for no other 
mode of expression is available in our language), of 
the atoms or molecules. And the forms being difier- 
ent in difierent constituents or molecules of different 
materials, the poles, so to say, will be different — 
BO that attraction, acting through these, will give 
different arrangements of the molecules. Now, we 
find that each body (and this almost follows as a 


natural conclusion from the above) has its own 
molecules, possessed of their own polarity, and which 
is not possessed by the molecules of any other body. 
Thus it comes about that each body has its own 
definite arrangement of molecules, and to this the 
name of "crystallisation" has been given. Certain 
mechanical results flow from this property, and on 
these we may yet give some practical remarks. The 
crystallisation of cast iron, for example, is so affected 
or so controlled by the form or shape of the casting 
that its strength is materially affected — weakened by 
one form, strengthened by another. Each body or 
material is now known to have its own peculiar form 
of crystal or disposition of its molecules or particles ; 
and the investigations into the different forms of 
crystals or dispositions form a distinct, as it is a most 
interesting, branch of physical science. We do not 
here propose to enter any further into the subject of 
crystallisation, or, as we here, in view of the special 
purpose of our papers, prefer to call it, the molecular 
condition of materials. Suffice it to say that, apart 
fi'om the interest it possesses to the scientific man, 
demanding, as it does, a knowledge of geometry and 
the higher mathematics, it has a high value to the 
mechanic, who is called upon so frequently and exten- 
sively to deal with metals known as the “ useful " in 
contradistinction to the "precious" metals, wdth which 
constructively he is not concerned, however much he 
may be interested in accumulating them as the re- 
ward of his work. For the fact is that, while we do 
not as yet know much as to this molecular condition 
of metals, still we know enough to put it beyond all 
doubt that further investigations into and discoveries 
connected with its phenomena, and a more correct 
view, if one not absolutely complete, of the law which 
regulates those, will yet be of vast service to the 
mechanic. And while, in taking a general survey of 
natural objects as they are presented to us in different 
parts of the globe, one is surprised at and in many 
instances overwhelmed with the vastness of nature’s 
manifestations, it is in turning our attention in the 
other direction, and taking cognisance of the minute 
in nature, that perhaps the widest field for surprising 
and unexpected, nay, even startling manifestations, 
is opened up to the inquiring mind. And in no 
department is this so strikingly true as in that of 
the metals with which the mechanic has to deal. 
In studying the various points connected with the 
manufacture of iron and steel, the student will have 
occasion to deal with some of the remarkable points 
connected with those metals. And none are more 
glfiking than the effects produced in their character 
by causes of the most minute, and what men would 
be disposed at first sight to call trifling causes. The 
characteristics of the metals which give them all their 
value to the mechanic as constructive materials — such 
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as ductility, malleability, elasticity and the like— >are 
rendered either more or less valuable by the most 
minute changes in their molecular disposition or 
condition; and those are brought into existence by 
substances equally minute. That many points now 
obscure will yet be made clear we have no doubt; 
and when this is so, we have every reason to believe, 
judging from past experience, that we shall then be 
able to master difficulties which at present conquer 
us, and shall have the ability to get rid of those 
defects in steel and iron which at present to a very 
large extent harass the mechanic in his work, and 
but too frequently cause failures and losses. And 
this can only and will only be done by patient in- 
vestigation, by close observation and closer thought ; 
and while the range of daily woi*k presents a wide 
field for the exercise of those faculties, the young 
student should remember that it is or will be equally 
open to him; and that to him may yet be granted 
the like honour that has been granted to his prede- 
cessors, of being able, as the result of his observation 
of and thinking about the phenomena of liis daily 
work, to discover, if not the law which regulates all 
the phenomena of molecular conditions of materials, 
at least facts which may be of the greatest practical 
service to the engineer and the machinist. So much 
that is valuable beyond calculation has been discovered 
in the past that there is every encouragement for the 
young student in mechanics to cast in his lot with 
those who will yet be the discoverers of the future ; 
and in connection with this important subject we 
have been glancing at there is a field as wide as it is 
useful open to his observation and research. 

Fropertiei of Bodies.— Porosity. 

Bemembering what has been advanced in the 
beginning of last paragraph as to the polarity of 
molecules, by virtue of which apparently the mole- 
cules of boffies touch each other at certain points 
only, the student will be able to perceive that, 
according to the primary shape of the molecules, 
there will be vacant spaces left here and there 
between the points or parts which do not come in 
contact. This may be explained thus. The student 
must here note that the connection between the 
molecules at the point or part of contact — that is, 
the ** cohesion ” between the molecules — ^is so perfect 
that the best idea to be obtained of it is to suppose 
the two particles to be fused or soldered together 
so that they form one or a homogeneous mass. 
Suppose, then, that we represent the molecules as 
squares, or rather as cubes. If the molecule dispo- 
sition were such that those cubes touched each other, 
or came in contact with each other at their sides, 
a number of them would lie together, and the 
cohesion being perfect, there would be no spaces 
between the cubes as at the lines of contact. The 


contact or cohesion of the cubes being perfect, in 
point of fact they would form a solid mass, represented 
by one block. But in virtue of the polarity of atoms 
or molecules — which, so to stiy, causes them to prefer 
a disposition by which one pai’t only is attracted to 
another part only — we can suppose the cubes touching 
or cohering at certain points only. This arrangement 
naturally leaves vacant spaces between the cubes. 
But in making up a “ mass the molecules represented 
in our supposed illustration by cubes must be disposed 
in a succession, so to say, of layers — one set of cubes 
being superimposed upon another set. But while 
being of necessity so, the molecular disposition might 
be such that the vacant spaces in one row might be 
placed over the solid parts of the row, say immediately 
below. Viewing the molecules as a mass, it will be 
obvious that the spaces would be perfectly isolated — 
being surrounded by solid matter, so that there could 
be no communication between one space and another. 
Vertically, therefore, so far as any communication 
between one space and another was concerned, the 
of solid parts and vacant spaces would be 
the same as if the mass were a perfectly solid block 
throughout. We thus have a series of continuous 
channels, placed within the mass of molecules, which 
extend from top to bottom of the mass or body. The 
young student will, of course, understand that in 
giving this illustration we do not wish him to infer 
that the disposition of molecules is such as we have 
named ; it is entirely a supposed case ; and, however 
little required by advanced students, we give it in 
order to induce the youthful student to think all 
points as fully out as he can, while at the same time 
it serves very clearly to explain a vei^ important 
property of materials used by the mechanic, the point 
or rather the principle of which is not always under- 
stood, even by those who have been long engaged in 
mechanical work. The youthful student will also bear 
in mind that the various materials he works with* 
being made up of various and varying constituents, 
as each molecule, of course, possesses its own polarity, 
the disposition of the molecules wrill be difierent in 
dififerent materials, — which is but another way of re‘ 
peating what we have already in last paragraph stated, 
that each body has its own particular crystallisation 
or molecqlar disposition. Some materials, therefore, 
will have comparatively very large channels or pas- 
sages, and numerously disposed in the mass, while 
others will have passages very minute and very few 
in number. This characteristic property of materials, 
as having channels or passages formed within the 
mass or body, has its name in the science of physics 
given to it from the Latin form of the word passage 
we have just used — this word being porua^ and this 
again derived from the Greek word poroa^ which signifies 
a passage, duct, or channel. Hence our word Poroaity^ 
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TEE CAUCO PsnriEB. 

Thx Ohemistbt and Tsohnioal Operations of his 
Trade. 

CHAPTER XXII. 

TEE CHEMISTBT OF THICKEKEBS. 

Their Vees and Qnalitiee. 

It is the province of thickeners, as before explained, 
to enable the colouring>iDatters to be printed upon 
cloth with perfect definition of outline, which would 
not be possible with a thin or watery composition. 
Various substances are employed as thickeners, each 
varying more or less in their quantities ; some being 
soft and pliable, for example, others harsh and 
stix)ngly consistent, but all of them possessing, in 
greater or less degree, the necessary character of 
‘^consistence” or pastiness. For different styles of 
printing, and of colours, different thickeners are 
required. As a rule, thickeners should have no 
cliemical action upon the dyestuffs with which they 
are employed ; in some cases, however, as in the 
case of arsenic and glycerine in aniline colours, the 
thickener is acted upon, being rendered thicker by 
a kind of coagulation taking place, and then a less 
quantity of the thickener per gallon will be required 
to give the proper consistence than would be the 
case in the absence of the active substance. On 
the otlier hand, some dyestuff employed may act 
upon the thickener in reducing its consistence, and 
then a greater quantity of the thickener per gallon 
will be required to give the proper consistence than 
would be the case in the absence of the active agent 
— as, for instance, when the colour-composition con- 
tains a mineral acid. 

The substances employed as thickeners are starches, 
fiours, British gums and dextrines, gums, gum* 
tragacanth, albumen, casein, and glue. 

Staroh as a Thickener. 

Tliere are various kinds of starch in use — viz., 
wheaten, potato, Indian-com, sago, rice, and tapioca. 
For printing purposes the first-named is most highly 
esteemed ; for finishing purposes all are employed. 
Starch is a widely distributed substance occurring in 
the mass of nearly all vegetables and in many animals. 
It is contained in little cells in the living plant, 
and, before it can be employed industrially, the plant 
has to be torn, so to say, to pieces, and the starch 
washed out with cold water : the water with the starch- 
powder in suspension is collected in tanks and allowed 
to settle; the water is then drawn, and subsequent 
washing and purifying yields pure white starch. It 
is composed of separate minute granvleSf which may 
be distinguished by means of the microscope, forming 
an exceedingly fine white powder, and the name applied 
to them is amylwm^ meaning “grain which needs 
no grinding.” Tlie size, form, and markings of the 


granules of different starches differ, and, by the aid 
of a powerful microscope, may be distinguished from 
one another ; thus it is easy to detect potato starch 
when mixed with Indian com or rice, provided the 
starch has not been boiled in water, as this breaks the 
granules and effaces the distinctive markings. Starch 
is insoluble in cold water, but when boiled with 
water forms a yaste^ and it is in this form that it 
finds employment in calico printing and finishing. 

The exact temperature at which starch and water 
expands into a paste, or thickens, varies from 50*^ 0 . 
to 90° C., according to the source from which obtained. 
When solution of iodine (in iodide of potassium or 
alcohol) is added to very dilute cold starch paste a 
beautiful bright colour of “ iodide of starch ” is pro- 
duced ; on boiling this the blue colour disappears, and 
on cooling again the blue returns. This characteristic 
propeiiiy of starch is employed for its detection in 
fabrics, etc. 

When starch is slightly acted upon by heat or by 
dilute mineral acids, British gum or dextrine is pro- 
duced ; when the action becomes stronger the dextrine is 
converted into other products, such as glucose. Long 
exposure to air decomposes starch paste into lactic acid 
and other products. Pure starch, when ignited and 
burned away, leaves only a trace of ash. Its chemical 
composition is expressed by the formula OeIIi 0 O 5 . 

Properties of Starch , — Starch is hygiDSCopic — t.e., 
absorbs water from the atmosphere in considerable 
quantity; and most of the starches in commerce 
contain a considerable percentage of water — namely, 
5 to 25. 

The following are the most important properties of 
starch, other than those detailed above. 

Prolonged boiling of starch with a large amount of 
water converts it into a modification termed “soluble 
starch” — a kind of solution taking place, and the 
addition of a little caustic soda producing a clear 
liquid. The same action takes place when starch is 
heated with glacial acetic acid to 100° C., or with 
glycerol to lOO'^ 0. The addition of alcohol to a 
solution of soluble starch completely precipitates the 
starch. 

Caustic alkali solution, containing about 2 per cent. 
NaOH or KOH, causes starch to swell up into a 
strongly consistent paste, which is soluble in water. 
The addition of caiustic soda or potash to ordinary 
aqueous starch paste— containing say 10 per cent, 
of starch — renders the paste considerably thicker. 
Other alkaline bodies have a similar effect: as, for 
example, borax. Ammonia, however, has no such 
iM^ion on starch. 

Tannic acid produces a white precipitate in a cold 
solution of starch. lime and baiyta water also yield 
white precipitates with solution of starch. 

Flour occurs in large quantity in cereals and 
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other vegetables ; it is composed essentially of starch 
and gluten — the difference in properties between 
wheaten starch and wheaten flour being due chiefly 
to this latter constituent. Good wheaten flour con- 
tains about 75 parts of starch, 10 of gluten, 10 to 15 
of water, *7 of ash, *7 of fat, and ’8 of woody fibre, 
in 100 parts of floiu*. Gluten, as obtained from flour 
by kneading some flour in a cotton bag in a stream 
of water, so as to wash away the starch, is a pale 
yellow, highly adhesive, elastic material ; it differs 
from starch in the important point of containing 
nitrogen, which is the nourishing part of gluten, as 
contained in flour as an article of food. Gluten is 
soluble in hot water, forming a paste of a more 
tenacious nature than starch. When flour paste is 
exposed to the air it decomposes much sooner than 
starch, and it rapidly becomes mouldy ; this is owing 
to the nitrogen it contains, which is favourable to 
fungoid growth. 

TLiese qualities of gluten readily account for the 
successful employment of pure starch in some cases 
and of flour in others. 

Dextrine is produced by acting upon starch by heat 
and by acids— by heating with water up to a temper- 
ature of 302° F. (150° C.) — by heating dry up to 
392° F. (200° 0.) — by boiling starch paste with very 
dilute sulphuric or nitric or hydrochloric acid and 
water, and by modifications of these methods. It 
occurs in commerce under a variety of names and of 
very varying quality — containing generally from 20 
to 50 per cent, of unconverted starch. That called 
British gum is more or less brown or yellow coloured ; 
that termed white dextrine is generally wholly or 
nearly wholly converted pure dextrine. 

Dextrine, though of exactly tho same ultimate 
composition as starch — being, like it, represented by 
the equation — yet differs from it in many 

important particulars. It is, when pure, a white or 
pale yellow or brown fine powder, the particles 
possessing no structure like starch, the granules 
of the starch being destroyed during the conversion 
into dextrine. Dextrine is soluble in cold water, 
more soluble in hot water, yielding a solution of 
much less consistence than an equal weight of starch 
boiled with water. The solution of dextrine is sweet 
to the taste; it does not yield a blue but a hrovm 
compound, with solution of iodine. 

Natural Gums are tho dried exudations from cer- 
tain kinds of trees ; they are known as gum arabic 
and gum Senegal, but both these vaiieties are practi- 
cally nearly the same article — arabic is generally a 
finer quality of gum than Senegal. Gum is readily 
soluble in water, and largely soluble in or softened 
by boiling water, forming a thick, viscous, adhesive, 
smooth paste, which serves as an excellent thickener. 
Tho solution in water is precipitated as a white 


powder by alcohol. In common with starch, gluten 
and dextrine, gum is decomposed by mineral acids, 
being converted into a variety of products — chiefly 
mucic acid. The aqueous solution after a time de- 
composes and becomes of acid reaction. Gum, when 
ignited, loaves about 4 per cent, of ash, which consists 
chiefly of lime. Pure gum has no chemical action 
upon most delicate dyes, nor on most mordants; it is, 
however, precipitated by basic acetate of lead, forming 
a wliite jelly ; and also by borax, potassic silicate, 
mercury chloride, and ammonium oxalate. 

Commercial gum always contains a certain amount 
of adhering extraneous matter, woody fibre, sjind, etc. ; 
this is got rid of by boiling tho gum with water and 
letting the impurities settle in tanks. 

Gum tragacanth is, strictly considered, not a gum, 
and differs very widely from true gums in its proper- 
ties. It is obtained from the Astragalus verus tree, 
etc. It is white or yellowish, nearly insoluble in cold 
and hot water, but in both it swells up enormously, 
yielding a fine, soft, inadhesive paste or mucilage, 
which is a most useful thickener. It is not a single 
compound, but consists of about 60 per cent, of a salt 
of poetic acid, and lesser quantities of soluble gum 
(about 10 per cent.), starch, and cellulose (5 or 6 per 
cent.), mineral matter (3 per cent.), and 20 or 25 per 
cent, of water, besides traces of nitrogeneous matter. 

Long exposure to tho air affects its decomposition 
into acid products. 

Albumen occurs in a great variety of animal and 
vegetable products, but commercially it is always 
obtained from the serum of blood and the white of 
birds^-eggs. It is a very different substance from any 
of the above-treated materials used a.s thickeners. It 
contains, besides carbon, hydrogen and oxygen, nitro- 
gen and sulphur, and a small quantity of soda ; hence 
solutions of albumen quickly yield to fungoid growth. 
Albumen is soluble in cold water ; when this solution 
is heated to about 75° C., or when a mineral acid is 
added the albumen is completely precipitated or cofigu- 
lated as a white substance having the sjirae composition 
as soluble albumen, except a slight difference in the 
amount of alkali (soda). When this precipitate is 
collected, washed and dried, a hard, white, horny 
substance is obtained, which readily absorbs moisture 
from tho atmosphere ; it also has gained tho property 
of combining with many dyes, such as magenta, 
forming insoluble lakes, and hence tho application 
of albumen in fixing aniline colours. Coagulated 
albumen is soluble in ammonia and in soda. Albumen 
is coagulated by all mineral and many organic acids, 
but not by acetic acid ; many metallic salts also pro- 
duce coagulation, such as alum, sulphate of copper, 
and nitrate of lead ; tannic acid, aniline and carbolic 
acid produce a like result. Albumen combines with 
lime, forming an insoluble salt. 
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THE OUAZIEB AHD CATTLE BBEEDEB AND 
FEEDER. 

Thb Technical Points connected with the Vabietibb ob 
Bbeeds of Cattle— Theib Bbeedino, Rbabino, Pbbd- 
INO, AND General Management fob the Pboduotion 
OF Butchers’ Meat and of Dairy Produce. 

CHAPTER XXVII. 

Orasinff a Complicated Art, requiring great Knowledge and 
Skill on the part of the Grazier. 

We have thus attempted to show how complicated 
a matter the art of the grazier is, and how far 
removed it is from that condition of such extreme 
simplicity that any one can manage its details, which 
Is the opinion held by so many. We see that it is 
more than an art, it is a science — as indeed the most 
of our arts are — demanding a much wider knowledge 
than is supposed, and opening a very wide field for 
accurate observation. But there are still several 
<letails yet to be noticed in connection with the 
practical management of the pasture fields of the 
grazing farm. These details refer chiefly to the 
class of cattle which are to be dopastui-ed so as to 
make the most of the food at disposal of the grazier 
by getting his cattle fattened in the quickest way. 
We are here supposing that the grazier is confining 
his attention to this class of stock — that is, that his 
farm is what is called a cattle or bullock-grazing form, 
in contradistinction to that termed a sheep-grazing one. 
By the first named of these two classes it is not meant 
that they are fitted only or exclusively for cattle 
fattening, or for breeding, rearing, and preparing 
stock for the butcher. Dairy -cow feeding is also 
included in the class, and it is frequently a difficult 
matter for the grazier to decide whether his lands will 
suit dairy cows or f/ittening cattle best. One at first 
sight would siippo.se that, both being in the broadest 
sense of the term cattle, what would suit one would 
suit the other; but so far is this from being the 
case til at many of our readers will he surprised to 
learn that the majority of gmzing lands or pasture 
fields are not adapted to give the best, many not even 
able to give moderately good results, for both classes 
of cattle, or specially for dairy cows. No doubt it 
would seem, judging from the actual practice of 
the country, that this was not true; but perhaps 
the best proof of its accuracy is the fact that so 
many dairymen complain that dairy-cow produce 
does not pay ; and the returns of the average farms 
certainly show yields far below that which they 
ought to be if tbe lands were the best suitable for 
dairying. The matter for surprise, indeed, is, how 
dairy farmers contrive to make both ends meet at all, 
when one considers the kind of lands they have to feed 
upon and the way in which they generally manage. 
No doubt whatever exists in the minds of those who 


really know the conditions on which dairy farming 
should he conducted, but know that, with a different 
cultural management of their lands under grass — 
that is, natural pasture — and a more carefully thought- 
out system of culture of crops adapted to soiling or 
house feeding, dairy farms at present yielding at 
the best but a produce which barely pays would 
be fairly if not largely productive. 

Fatting Stock with Artilloial Food. 

What remains to be further said on the subject of 
dairy and grazing management may, if space permits, 
yet be given ; but we pass on to the details yet to be 
noticed in connection with tbe grazing of fattening 
cattle. In feeding cattle off pastures the same prin- 
ciple which guides the cattle breeder when he stall- 
or yard-feeds with artificial food, as oil cake and the 
like, the grazier must ever boar in mind, if Tie desires 
to be successful in fattening hLs stock quickly and 
economically. This principle is that fattening must be 
steadily progressive — that is, that improvement goes 
on from period to period, from tho time at which 
it is begun till that at which it is finished. Any 
‘‘backening,” that is, falling off in condition, is from 
every point of view greatly to be regretted, and all 
means, therefore, should be adopted to prevent it. 
For, although it may at first sight appear to be no 
necessary or, indeed, likely result, yet it nevertheless 
is just that which comes about, — that if an animal 
when being fattened is from neglect of any kind 
allowed to go back or fall off in condition, it not only 
takes a long time to bring it up to good condition, 
but in many cfises the same point is never reached, 
so that no after treatment, however good, will give 
the animal the finished condition which it would 
otherwise have had. Hence the necessity to look 
carefully after the pastures to see that the full bite 
necessary is obtained ; and — what is tho point so often 
overlooked, and that, moreover, which affects the 
point we have now been considering — that this full 
or necessary feed be kept up. This will not be the 
case if too many animals are put in one field; and 
especially where they are unequal — that is, old and 
young mixed — for in this case the feed will be soon 
done, so far as the full bite is concerned ; and in their 
desii’e to liave the best the field affords, the stronger 
animals are certain to drive off from eating the 
younger and weaker ones. These untoward results 
may be prevented by the system of field management 
in classes we have already explained — and further, by 
taking care to have the fields not too large or too 
many cattle put into them. As regards the latter, 
should be inclined to put the maximum at four- 
teen or fifteen, never in any case exceeding twenty 
or twenty-one acres, while in any farm th^ are 
much below those extents. At the same time every 
attention should be given daily— and many a time 
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a day for the matter of that — to see how the animals 
thus allotted behave” themselves. We cannot too 
strongly impress upon the young grazier the impera- 
tive importance of making his animals a matter of 
individual study, in order to gain a knowledge of 
their peculiarities and fattening capabilities — the 
latter, indeed, being, as a rule, dependent upon the 
former. Every successful breeder has been noted for 
his intimate knowledge of the animals by which he 
has gained his reputation, and by which he has so 
help^ to increase the value of our breeding stock. 

Extent of Land given to Stock. — Pnrohasing of Stock. 

The extent of land given to or rather required by 
a bullock or full-sized dairy cow will vary, of course, 
according to the goodness of the land and the fulness 
of the bite. But the average may be taken at from 
an acre to an acre and a half. With the soiling 
system a bullock may be fattened or a dairy cow fed 
upon a much less extent of laud than this. On good 
average land a sheep may bo fed in addition to the 
bullock. And it is here that the value of the points 
we have already detailed as to change of pastures 
and the gradual bringing of cattle from the poor 
up to the best pasture comes in. It is not easy to 
overrate the value of the system of changing the 
pastures in a fatting point of view. The methods of 
purchasing stock for fattening and dealing with them 
on the grazing farm varies with circumstances and 
often with the locality. Many— it might be said 
the majority — purchase their stock, and this in a 
general or open market. Others — and these may 
be said to constitute the aristocracy of the trade — 
breed and roar their own stock ; and it requires 
scarcely to be noted that it is to these that we 
owe all our improvements in cattle breeding and 
feeding, giving us those herds which have placed our 
cattle and dairy cows at the head of all the breeds 
of the world. In buying in open market, however 
skilful the grazier may be in judging of a good 
fattening beast, he runs risks which no skill can 
provide for or judgment foresee, and which, as a rule, 
the home breeder avoids. On the purchasing system, 
lean and young or store cattle bought in the eaily 
spring, as in March or April, are put up in the poor 
pastures — as in the field system we have already 
described — and if they are well managed, and have 
been judiciously chosen for good or fairly average 
fattening qualities, they may be expected to be in 
veiry good condition in the “ back end ” of the same 
year — that is, towards or in November. Cattle may 
also be purchased in the early autumn months, 
when there is fair feeding to be had in the after 
grass of meadow fields — which will pay better than 
taking off a second crop of hay from them — and by 
carrying on the ** field system ” we have described. 


these will be in good condition in the autumn of the 
following year. In another system store cattle may 
be purchased at all times of the year \ and being thus 
brought on the farm, are also fattened and sold off 
in succession. The most advanced system is to buy 
cattle at the early part of the year, give them green 
feeding up to the autumn, then &iish them off by 
shed, box, or stall feeding in the winter with artificial 
food, of which oil cake is the principal substance. As 
a rule the cattle sent into the msirket from our great 
grazing districts as fat are not in reality so, being, in 
fact, only partially or so insufiiciently fed that by a 
better system, such as that noted here, an additional 
weight of a few stones may be easily given to them. 

Breed of the Animal to be considered in relation to Oraiing 
Land. 

In the lost chapters we gave what m.ay be taken as 
a fairly full or exhaustive detail of the various points 
connected with the management of grazing fields 
or of pasture land, and comprising to a large extent 
that of grazing stock. Many points, however, con- 
nected with the animals have yet to be noticed, and 
these will come up for consideration when wo tp^ .. 
up the management of the year throughout ; mean- 
while we have here to glance at the kind or class 
of fattening stock best adapted for the purposes of 
tho grazier. Of the popular fallacies — for there are, 
as we have seen, more than one— in connection with 
the art of grazing, that which maintains that grass 
land will suit any kind or cIovSk of beasts the gi’ozier 
has or chooses to put on it is productive of as much, 
perhaps of more evil in practice than that other 
fallacy, that all that is needed for glazing purposes 
is grass land — that is, tliat one kind of grass is just 
as good as another. As grass lands in reality differ 
in feeding value most materially, as we have shown, 
so it would be equally easy to • bring forward proofs 
that differing lands require different classes or kinds 
of animals in order to get tho fullest advantage of 
what feeding capabilities they possess. So far is it 
from being true that any grass land will suit any 
fattening ox, that the very converse of this is the fact ; 
for grazing land which will suit an animal of a 
certain breed will be so p(X)r for another breed that 
it will 'in effect starve — that is, make no fattening 
progress whatever. It is obvious that the poor 
grasses, or comparatively poor, of land which would 
sufEce to feed and fatten an ox of a small or mongrel 
breed — as far as an animal of this kind can be 
fattened — would be quite insufficient for even the 
feeding, to say nothing of the fattening, of the large- 
sized, full-boned-and-fleshed frame of a Shorthorn ox 
or one of the Hereford breed. And in this connec- 
tion, and as showing how varied are the points in the 
art of grazing, it is a curious and suggestive theory to 
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note here, that if a poor or lean store ox were put 
into the rich, full-bite pasture which would be best 
for a fattening Shorthorn or Hereford ox, the poor 
ox would be injured, or at least lie would run a great 
danger of being so, by being fed off the too rich and, 
for his condition and position, too highly nutritious 
food. 

But not only is it necessary to select with judgment 
the class or breed of fattening cattle fitted for the 
land held in poasession by the grazier; it is also 
necessary to attend to the kind of animal in that 
breed. What are known as oxon — that is, male 
animals not kept as bulls, and females known as 
spayed heifers — that is, incapable of bearing young, 
are in all classes or breeds the best animals for 
fattening purposes. And from what is here said as 
to spayed heifers, ono would naturally conclude that 
cows naturally barren — known technically as ** free 
martens ” — would be good fattening animals. This 
is not the case, however, for barren cows never fatten 
kindly or fully ; and the same may be said of very 
old cows, or cows “ dried ” off — that is, w'hich have 
ceased to give milk. In the latter case the best 
plan is to feed the dairy cow so judiciously during 
her milking period, tliat when she is dried off she 
will bo in ^^goodish” condition for tlie butcher; 
so that comparatively little will have to be done in 
the way of fattening and finishing her off for this 
purpose. As regards the different breeds of cattle 
fit for the purpose of the gmzier who is fattening 
animals for the butcher, a few notes will here be 
useful. 

The fattening breed of oxen par excellence is the 
“ Shorthorn,*' at one time known with us, as it is still 
almost universally known to tho Continental agricul- 
turist, as the Durham,” and this from the county of 
England in which tho breed originated. At this point 
we refer the reader to the historical notes on this 

tho king of all cattle,” as tho Shorthorn ” has by 
some enthusiastic admirers of the breed been called, 
given in preceding paragraphs. It does not come 
within tho scope of this part of our paper to give 
more than a more general outline of the characteristics 
of the breed from the point of view of a grazier, who 
is interested chiefly, as a rule, with fattening cattle for 
the butcher. The ‘‘Shorthorn” ox is, as we have said, 
tho animal pwr excellence that is best adapted for the 
purposes of the grazier ; as it may be said to combine 
all the qualities necessary to give the highest product 
of marketable value for the least expenditure of food 
and of the grazier's care. In its frame, or what may 
be called its “build,” it gives all the peculiarities 
which we have in a preceding chapter described as 
essential in a quickly fattening animal. Its fore- 
^ quarters are deep and wide, giving a full girth, the 
ribs have an unusual width, spread or curve, while 


the whole frame has the square and level lines which 
denote a good fattening animal. The bulk to which 
the “ Shorthorn ” can be bred is another feature of the 
breed ; and, what is of great importance to the grazier, 
this bulk is attained with the minimum of time and 
cost, as there are none of the breeds at his disposal 
which takes on flesh so kindly as the “ Shorthorn,” or 
arrives at maturity so quickly. The colours of the 
“ Shorthorn " are chiefly red and white, or a mixture 
of both in a wide variety of styles. The red is rich in 
tone, and the white clear and pure. Entirely white 
animals are by no means rare ; indeed, some of the 
best breeding animals have been pure or solely white. 
Some, however, object to animals having this peculi- 
arity of a single colour of white, but on what grounds 
it is difficult to name. One point, though, seems to bo 
so generally insisted upon in connection with a purely 
white animal, that it would appear to be based upon the 
resiAlts of a wide and a well-marked experience ; and 
this is, that if the animal be wholly white, it is essen- 
tial tliat it should have its nose pure black — a white 
animal with a red nose being at once and nearly by all 
set aside as faulty. This peculiarity in white animals 
is not confined to the “ Shorthorn ” breed alone, but 
it is applied as a test to other breeds. In fattening 
animals for the butcher the great aim of the grazier 
is to have the flesh laid uniformly on the frame, so 
that eacli part, when cut up for sale, shall have its 
proper proportion of meat. Some animals of mongrel 
brood will show a tendency to lay on meat at one 
part, and so markedly that other points are, so to say, 
quite neglected. This lumpy, uneven characteristic 
is absent in good “ Shorthorn ” animals. The breed 
has a remarkable tendency to lay its meat uniformly 
all over the frame, — hence its fine, even outline, 
which gives the appearance of a uniform frame, illus- 
trated in an early drawing in this paper. This 
tendency to a lumpy laying on of flesh is, however, 
not confined to mongi’ol or coarse-bred cattle, but is 
often a characteristic of what are really well- or fairly 
well-bred animals of breeds other than the “ Short- 
liorn,” and even of some of this special breed. But 
the special characteristic of the “ Shorthorn ” in this 
respect is as we have stated. Hence its great value 
as a fattening ox. The legs of the “ Shorthorn ” 
should be short, and the frame well set on them, or 
square, as the term is. A neat, well-finished hind- 
quarter is indispensable as a good point, which must 
not be overlooked by the grazier in his choice of a 
fattening “ Shorthorn.” An ox with an ill-turned 
quarter will not give good results. The same may be 
sai<A»f an animal wbi(^ has its tail so badly set-on 
that it does not come well out to form the proper and 
desired square form at the twist. The hind-legs 
should be nearly straight, and set well under the 
frame : if the hocks are bent, or too long, and pro- 
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ject, as it were, from the frame, these are signs of The ‘‘points” constituting a good animal are very 
weakness. The front legs, or fore-arms as they are similar in general character to those of the Shorthorn 


technically termed, should, where they join the frame, 
be broad, and tapering with a fine bone below the 
knee joint. The shoulders must be well laid, gently 
fitting into or mellowing with the fore-quarters. The 
neck vein should be full and prominent, and well 
filled in with flesh. The girth of the animal over the 
region of the heart should be full, and the ribs should 
spring clear and level with the backbone, this level 
feature being well developed as they approach the 
point of the back rib. There should be no depressions 
or scooped-out-looking parts at this point — the false 

i^b ^but the frame should go straight out from the 

back rib over the hip, giving a gnidual, easy taper 
on the side bones of the tail, thus avoiding the ugly- 
looking protuberances and correspondingly ill-looking 
hollows which are but too often seen in ill-bred 
animals. 

The “Hereford” breed is so distinguished as a 
fine one that it may be said to form the class next 
in rank to the Shorthorn. By many it is preferred 
to the latter breed; being characterised by many 
fine qualities as a fattening animal for the grazier, 
and as giving rich and juicy meat to the butcher. 
The general appearance of the Hereford ox is not 
much unlike that of the Shorthorn, although the 
breed is what is called a middle-horned one. The 
well-filled-in square-like frame is a characteristic of 
the Hereford equally with that of the Shorthorn; 
while as ready and kindly laycrs-on of flesh or moat 
— in other words, as economicn.1 fattening oxen — 
many prefer them to, or at least esteem them equally 
with, the Shorthorn. As we have said, the quality 
of the meat is fine : not hard, but juicy, and fat and 
lean well intermixed ; there is but a small proportion 
of the coarser parts of meat, the bone and the oflkl 
very small in proportion to the bulk of the animal. 
Taking it altogether, the Hereford fattening ox is 
at least very nearly equal to the Shorthorn in value, 
and may be looked upon as superior to any other 
breed after that. As a breed for dairy cows, it is not 
held in high esteem ; and it is worthy of note in this 
connection that a remarkable peculiarity of the breed 
is the great disproportion between the size of the 
dairy cows and the oxen — the latter being of largo 
bulk, while the Hereford dairy cow is smaller, much 
lighter fleshed, and altogether a fine and delicate 
animal. The general or ordinary colour of the Here- 
ford ox is a brownish red or reddish brown ; the white 
face or muzzle and the white tip of the tail are 
marked general characteristics of the breed ; but the 
white is generally developed also on the mane, the 
throat, and the inner and lower parts of the legs. 
Altogether the Hereford ox is a fine-looking animal, 
and is a marked feature of the shows held in England. 


— or, indeed, of all breeds fitted for the grazier — and 
which we have in an early cliapter, while treating of 
the principles of breeding, gone somewhat fully into. 

The “ Devon ” breed should properly have had 
precedence of the Hereford, as the latter may be said 
to be but a variety of the Devon. One feature which 
gives the Devon its high value to the grazier is that 
its hardy characteristics enable it to adapt itself to 
such a wide variety of pastures and localities that it 
can be fed and fattened in districts and under circum- 
stances which would not be esteemed favourable either 
for the Shorthorn or the Hereford, both of which 
require the richest and best pastures to have full 
justice done to them. A Devon will, indeed, thrive 
where a Shorthorn and a Hereford would but barely 
exist. Til is valuable peculiarity in the Devon partly 
arises from its physical conformation and habits. 
It is of small size or bulk, quite distinct from the 
ponderous bulk of the Shorthorn or the Hereford; 
all the animals have a light, elastic elegance of 
movement which enables them to get over ground, 
and find food over a wide extent of pasture, so poor, 
or comparatively poor, that a bulky Shorthorn or 
Hereford would wear itself out, in other words expend 
its force uselessly, in seeking for food. It is this very 
characteristic of the Devon breed which makes it so 
valuable to the grazier, for it can use up pastimes 
in districts in which pastures are comparatively poor, 
and withstand climatic changes in temperature and 
the like without injury ; or at least without being 
injured to anything like the same extent as would 
be the Shorthorn or the Hereford — to which, indeed, 
similar circumstances of pasture ground would be 
in practice simply inimical to or destructive of all 
fattening progress. But this is not the only charac- 
teristic which makes the Devon breed of oxen peculiarly 
the graziers^ breed. For while they can and do thrive 
under circumstances not suited to the Shorthorn or 
the Hereford, they turn the poor or comparatively 
poor pastures they feed upon into meat of quality so 
good that it takes as high a place in the estimation 
of the butcher as the meat of any other breed, not 
excepting that of the Hereford, which always holds 
a high ^sitmn as butchers* meat. But not only is 
the quality of the flesh of the Devon ox good, but 
it lays it on its frame kindly, and so quickly that 
when it has really good pasture to feed upon it 
matures faster than any other breed. While, there- 
fore, it has a capability to adapt itself to a wide 
range of climatic and feeding circumstances, and a 
ready capacity to give good meat and to lay its flesh 
quickly and kindly on, wo need not be surprised at 
feding an authority calling it a “ first-class graziers’ 
and butchers’ beast.” 
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THE B&ICKIATEB 0£ BKICK8ETTEE. 

The Principles and Practical Details op his Wore. 


CHAPTER XVII. 

Ornamental Brickwork (ponti/nuedy 
At condusion of preceding chapter we alluded to the 
fact that of late years many forms of decorated and 
decorative bricks have been introduced. In Plate X. 
we give diagrams showing different forms of bricks with 
ornamental profiles and surfaces. In fig. 1, Plate X., 
we illustrate at a in section an ornamental brick for the 
reveal of a window. This is not carried up throughout 
the whole length of the reveal, but is finished off near 
top and bottom after the manner of a stop chamfer ” 
(see papers ** The Joiner ” and “ The Stone Mason '"). 
Other forms of ornamental bricks are shown in same 
plate. 

But while decomted or ornamented construction 
can be obtained in brick, giving effects in projecting 
parts by one or other of the methods presently to be 
illustrated, ornamental effect, in this country at least, 
is generally attempted to be obtained in modern work 
chiefly by surface decoration. This is obtained by a 
process which may be called a modification of mosaic 
or inlaying work ; bricks of different colour being 
let in here and there, in accordance with a pre- 
arranged design, so as to form a pattern more or 
less complicated or simple, and the colour or colours 
of which contrast with, or stand out, so to say, from 
the general surface, which is of course built in brick 
of uniform colour and quality. There is still another 
decorative or ornamental effect produced in brickwork, 
and which is produced by a method akin to the 
perforated work in stone of the Gothic architects 
and builders or of metal workers and wood carvers. 
In this, holes or apertures are formed in the general 
surface of the wall by leaving out bricks here and 
there, and this in accordance with a general plan or 
design, which is so arranged that the holes considered 
as a complete series form a pattern. These three 
methods comprise the different classes or styles of 
ornamented or ornamental brickwork, and of these 
we now propose to give sundry illustrations. 

Coloured Bricki. 

Wo begin with what is essentially the simplest 
method, in so far that its effects can be obtained by 
the use of the ordinary or common bricks used in all 
structures — that is, no bricks of distinct form or 
section require to be specially made for it. Work 
of this kind naturally divides itself into two sub- 
classes or divisions : first, the employment of ordinary 
bricks, so that effects more or less decorative or 
ornamental in character can be obtained in projecting 
surfaces; second, their employment so as to obtain 
decorative effect in surface work, — the only thing 
which requires to be specially done in these ordinary 


bricks being to give them different colours by the use 
of different kinds of clay. What the ordinary colours 
of bricks are, and how obtained, we have in a pre- 
ceding chapter explained; suffice it here to repeat 
that white, black, blue, yellow, and red are the 
colours met with, and these often in different shades. 

We take up first the second of these two sub- 
classes of ornamental brickwork obtained by the use of 
bricks having the ordinary or usual forms and sections 
and dimensions — ^namely, that by which decorative 
effects are produced by surface treatment or by the 
method which we have said to be akin to the mosaic 
or inlaying art, in which the effect is obtained simply 
by the disposition of bricks which are different in 
colour from that of the general surface. The simplest 
arrangement is the “band” or “strip,” and of this 
the simplest form is the single band, as in fig. 1, 
Plate LXXX. The colour of the bricks, a, a, form- 
ing this, should be in appropriate or complementary 
contrast (see the paper entitled “Form and Colour 
as applied to Decorative Design” for meaning of this 
term, and for other points connected with colour) to 
the bricks, as bb, h 5, forming the general surface of 
the wall. Thus, if 6 6 be yellow, the band bricks a a 
may be red, blue, or black ; or if the general surface 
be red, the bricks a a may be yellow, white, blue, 
or black. The bands may either be single (as in 
fig. 1, Plate LXXX.), or double, each row or course 
being of a different colour. We have seen an arrange- 
ment of five rows, as in fig. 2, Plate LXXX., which 
looked very effective; in this a a are black bricks, 
bb blue, and cc yellow. In fig. 3, Plate LXXX., we 
give another of the same kind, in which the bricks 
marked a a and hb are black, co and dd dark or 
bright red, and e e yellow, the general surface being 
of reddish or light-red bricks. When we come to 
illustrate coloured brick arrangements in projecting 
parts, other examples of the band or strip arrange- 
ment will be given. 

Coloured bricks in this inlaying system are fre- 
quently arranged so as to form patterns showing on 
the general ground or surface of the wall in various 
dispositions, which in many cases are very effective, 
and tend to relieve the uniformity of large surfaces 
of one colour only, and that but too frequently of 
a dead, dull character. The combinations of bricks 
under this system are numerous, as may well be 
supposed; it may be said, indeed, that practically 
there is no end to combinations of this kind. In 
fig. 6, Plate LXXX.y a very simple disposition of 
blad^ bricks in alternate and corresponding positions 
giiJi a symmetrical arrangement which contrasts 
with the general ground of yellow bricks, h b ; and it 
is perhaps moi^e effective if these two broken bands 
or straps a a, as they may be called, are covered or 
topped by a continuous band of black bricks, c c. In 
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this arrangement the upper band, c c, should be of 
a deeper tint than the lower black bricks in the 
broken band a a, as these latter might be dark blue. 

Another arrangement of coloured bricks, as in fig. 3, 
Plate XXX., gives a series of crosses, the bricks of 
which are a contrast to the general ground or surface. 
If the latter be red, the cross bricks, a a, may be 
yellow, or blue, or black; if the ground be yellow, 
the crosses may be red. This forms another example 
of what may be called a broken or interrupted band 
or strip. But by arranging the crosses alternately, 
as in fig. 3, Plate XXX., continuing them along the 
line decided on, two broken rows may be obtained, 
the pattern being simply a repeat. Or in place of 
having this arranged in lines or bands, the disposition 
as in fig. 1 may be used as a single pattern, repeated 
at intervals in the surface of the wall according to 
the taste of the builder. On this as a separate or 
isolated pattern the bricks may be arranged, as shown, 
where the third cross is below the two crosses; or 
it may be reversed ; in both cases the cross a or 
fig. 3, is placed centrally between b h and 6 ' h’. 
The combination of those two diagrams in fig. 3, 
Plate XXX., gives the pattern or arrangement illus- 
trated in fig. 1, same Plate. A series of this pattern 
may be carried along the surface of a wall on the 
same level, forming a species of broken band ; and the 
pattern may be separated at intervals by the inter- 
position of a single cross, or by two crosses, as in 
fig. 2; Plate XXX. 

Fig. 5, Plate LXXX., shows a modification of the 
cross in fig. 1, Plate XXX. This may be used in line 
— that is, as a broken single band — or by arranging 
them as in fig. 3, Plate XXX., it may form two 
broken bands. Arranged as in diagram a or B in 
fig. 3, Plate XXX., the pattern may be used as an 
isolated one, separated by intervals of the ordinary 
and general surface of the wall. Or by adopting the 
arrangement indicated in fig. 1, Plate XXX., the 
isolated pattern may be obtained as in fig. 4, Plate 
LXXX., and the intervals between this may have 
at tbe centre point of each interval a single pattern 
of the same kind, as at a a or & &. But in place of 
having this to run horizontally, it will look better 
and give greater diversity by placing it vertically — 
the point o being the top, and d the lower end of the 
pattern. 

Figs. 5, 6 , Plate XXX., figs. 1, 2, 3, Plate OV., 
and fig. 5, Plate OLIV. inclusive, show other arrange- 
ments of coloured brickwork in the same class. In 
fig. 6 , Plate XXX., the upper courses a a, 55, and 
two lower courses corresponding in position, ore of 
black brick, the parts cd^ee in blue, and the central 
parts, as fghijklmnop and q formed by the 
juxtaposition of the parts of which cde one of 
yellow bricks, the general surface being, red brick. 


In fig. 3, Plate CV., the bricks marked 1 2 3 4 are 
red, 5 6 7 8 white, 9 9 blue, 10 10 black ; the general 
surface being yellow. 

Figs. 4, 5, 7, Plate XXX., and fig. 4, Plate 
CLXXXI., are illustrations in the same class adapted 
for panel work. 

The majority of those styles will be used chiefly 
for the breaking up of large fiat surfaces of brick- 
work ; but how, and in what combination of colours, 
will depend, of course, upon the builder, and this will 
show what is called his good or bad taste. In some 
cases the band arningoments are adopted as string 
courses, and as forming part of cornices. We now 
illustrate arrangements of coloured bricks in the class 
at present under consideration — namely, what we have 
called a modification of the mosaic or inlaying method 
of treating materials — those arrangements l>eing 
adapted to special and distinct parts of buildings, 
such as quoins, window and door-dressings. Fig. 5 , 
Plate CLXXXI., shows an arrangement for the quoin 
or corner of a wall, with “longs” and “shorts,” a c, 5 cf, 
in red brick with “ splayed ” edges at e and /; <7 is 
part of a single band (see a a in fig. 1, Plate LXXX.), 

5 5 part of the general surface in yellow bricks. 
Fig. 6 , Plate LVL, illustrates an arrangement for 
coloured bricks as a window dressing. If the general 
surface is in red brick, the parts shaded in daik may 
be either blue or black or yellow. If the latter be 
the colour of tlie general surface, the dark-shaded 
bricks may be bright red, or blue. 

Arrangements of coloured bricks in the same class 
for arched openings are illustrated in fig. 6 , Plate 
CLIV., figs. 1 and 5, Plate LVI. In dmgram a, 
which is a semicircular arch, the bricks a and d 
are white, and 5 and c bright red ; these are placed 
alternately, the quoin bricks at the reveal, or “ longs ” 
and “ shorts,” are blue at e (shorts) and bright red. 
The general surface is bright red. The diagram 
shows an arrangement for a pointed arch, in which 
the bricks marked 12 3 are white, 4 6 bright red, 

6 7 black, 8 9 10 are red and black alternately, 12 13 
red, 14 white alternately, as “ longs ” and “ shorts.” 
In fig. 5, Plato LVI., which is a semicircular arch — 
half only, on right-hand side of centre line 1 2 , being 
g[ven — the key stone a a is of stone, yellow freestone 
or blue limestone ; 5 c is an outer ring of headers in 
yellow brick, dd half brick “closers” in blue or 
black, e e full length brick “ closers ” in yellow, g and 
h half bricks in blue or black, i i whole bricks in 
blue or black ,/ f yellow,//' half bricks yellow, general 
surface in yellow or light rod. In fig. 1, Plate LVI., 
we give two arrangements for arched openings, the 
shaded portions being in yellow with general surface 
light r^; or with general surface in yellow the 
shaded portion may be in blue or black — or these may 
be used with a general surface of red. 
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*k*HJc B)0AD H[AS[E!Et* 

His Wobk in the Latino out of Eoads in Rueal, 
Suburban and Town Districts, their Construction, 
Repair, and in the Choice and Use op the Various 
Materials Employed. 

CHAPTER XII. 

In last paragraph of the preceding chapter we opened 
lip the subject of the mechanical condition of the 
roads, as affecting the traction of vehicles running 
on them; in continuation we have to remark that 
not less important than the construction of a road is 
its condition as to cleanness and stiite of repair in 
the force of traction required upon it ; and the 
usual modes of construction having, in the fore- 
going pages, been treated of in considerable detail, 
the topic indicated above will be a necessary sequel 
to what has gone before in our paper on ‘‘Road 
Making.” 

The experiments of Mr. Bevan, given in a tabulated 
form below, are generally considered to be most 
authentic on the matter to which they relate ; and 
that is the force of traction required on roads, under 
different circumstances of construction and condition, 
to produce and maintain motion in carriages weighing 
1000 lb., on a level road. 

Force of traction 


DoBcription of road. per 1000 lb. 

lb. 

Turnpike road, hard and dry • • • • 801 

Ditto dirty . . • . • 89 

llanl compact loam 53 

Ordinary by-road ...••• 106 
Turnpike road, newly gravelled • • • 143 
Loose sandy road 204 


In the foregoing statement the comparison to be 
made is rather the force of traction duo to different 
conditions of roads than that due to their con- 
struction. 

The increase of the force of traction required on 
the same road in a wet and dirty condition upon it in 
a clean and dry condition is no less than 28 ^ per cent. ; 
hence the disadvantage of the dirty road to the clean, 
and llio importance of avoiding any condition by 
which the materials of a road may be reduced to a 
state of mud. In this the impropriety of applying 
any matter, even clean sand, to the surface of a road 
on pretence of binding, is forcibly shown. On a road 
without any covering the increase of the force of 
traction required is nearly 76 per cent, compared with 
a turnpike road in a hard and dry state. On a by- 
road, in its ordinary dirty state and imperfect repair, 
the force of traction required is more than three 
times that required on a clean turnpike in good 
repair. On a newly gravelled turnpike the force of 
traction required is more than four times that 
required on a turnpike in its consolidated state; 
and on a loose sandy road the force of traction is 


nearly seven times that required upon a good turn- 
pike. 

From the facts shown in the foregoing table it wil 
readily be perceived how great is the amount of the 
force of traction wasted upon roads of bad construc- 
tion, and the great economy of the same force on 
well constructed roads in good condition. This 
naturally brings up for consideration the repairing 
of roads. 

Repairing of Boadi. 

The efficient repairing of roads is a matter of the 
greatest importance, and it should always be done in 
the best possible manner, and should never be slurred 
over in a mere makeshift way to meet the exigencies 
of tho moment. Notwithstanding the importance of 
this point, roads are very rarely repaired in the best 
manner, tho matter being generally left to men 
perfectly ignorant of the right principles of the 
construction of roads ; and by the want of efficiency 
and thorough repairing of roads much expense, both 
in the cost of materials and in labour, is wasted to tho 
owners and occu£)iers of landed property, on whom 
the cost of repairing roads falls. The steam roller 
gives now important help in keeping road surfaces 
in the highest state of efficiency. We may, should 
space permit, hereafter see how certain modifications 
in the ordinary method of road construction, recently 
introduced into practice, have the effect of giving a 
surface nearly approaching the “standard of per- 
fection ” ; and how, also, the nature of the materials 
employed to give the final or permanent surface of 
the road exercises an important influence on the 
tractive force required to drag or pull vehicles over it. 

Ruts in roads are produced by two different and 
distinct causes : one being the gradual wear of the 
covering material by tho traffic following the same 
track ; and the other being the displacement of tho 
material by the wheels of carnages and feet of 
horses before its having become consolidated, in a 
newly made or newly repaired road. In the first- 
mentioned case the ruts are comparatively wdde and 
shallow; while in the latter-mentioned they are 
narrow, not wider than the breadth of a wheel, and 
deeper than in the first-mentioned case. Ruts, from 
whatever cause, serve as a lodgment for water, to the 
speedy destruction of roads, if not carefully filled up 
with small and clean-broken stone as soon as ever the 
wound in the surface of the road is discovered. 

The best seasons for general repairs of roads 
are April and May in spring, and October and 
November in autumn; but any casual injury to a 
roalPshould always have attention, and the repair 
never delayed an hour that can possibly be avoided. 

The following directions for the repairs of roads 
are copied from McAdam’s own work on “Road 
Making,” published in London by Longman & Co. in 
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1823 ; and are equally applicable to any system of 
road making as to that of McAdam. 

No addition of materials is to be brought upon 
a road, unless in any part it be found that there 
is not a quantity of clean stone equal to ten inches in 
thickness. 

“ The stone already in the road is to be loosened 
up and broken, so as no piece shall exceed six ounces 
in weight. 

The road is then to be laid as flat as possible ; 
a rise of three inches from the centre to the side is 
sufficient for a road thirty feet wide. 

The stones, when loosened in the road, are to be 
gathered oflT by means of a strong, heavy rake, with 
teeth two and a half inches in length, to the side of 
the road, and there broken, and on no account are 
stones to be broken on the road. 

“ When the great stones have been removed, and 
none left in the road exceeding six ounces, the road 
is to be put in sliape, and a rake employed to smooth 
the surface, which will at the same time bring to the 
sui'face the remaining stone, and will allow the dirt 
to go down. 

Wlien the road is so prepared, the stone that has 
been broken by the side of the road is then to be 
carefully spread on it ; this is rather a nice operation, 
and the future quality of the road will greatly depend 
upon the manner in which it is performed. The stone 
must not be laid on in shovelfuls, but scattered over 
the surface, one shovelful following another, and 
spreading over a considerable space. 

“ Only a small space of road should be lifted at 
once; five men in a gang sliould be set to lift it 
all across ; two men should continue to pick up and 
rake off the largo stones, and to form the road for 
receiving the broken stone ; the other three should 
break stones — the broken stone to be laid on as soon 
as the piece of road is prepared to receive it, and then 
break up another piece; two or three yards at one 
lift is enough. 

‘‘The proportioning of the work among the five 
men must, of course, be regulated by the nature of 
the road. When there are very many large stones, 
the three breakers may not be able to keep pace with 
the two men employed in lifting and forming; and, 
when there are few large stones, the contrary may be 
the case. Of all this the surveyor must judge and 
direct. 

“ But, while it is recommended to lift and relay 
roads which have been made with large stones, or 
with large stones mixed with clay, chalk, or other 
mischievous materials, there are many cases in which 
it would be highly unprofitable to lift and relay a 
road, even if the materials should have been or iginally 
too large* 

‘‘ When additional stone is wanted on a road that 


has consolidated by use, the old hardened surface of 
the road is to be loosened with a pick, in order to 
make the fresh materials unite with the old. 

“ Carriages, whatever be the construction of their 
wheels, will make ruts in a new-made road until it 
consolidates, however well the materials may be pre- 
pared, or however judiciously applied ; therefore, a 
careful person must attend for some time after the 
joad is opened for use, to rake in the track made by 
wheels. 

“ The only proper method of breaking stones, both 
for effect and economy, is by persons sitting*, the 
stones are to be placed in small heaps, and women, 
boys, or old men past hard labour, must sit with 
small hammers and break them, so as none shall 
exceed six ounces in weight. 

“ 21ie Tools to he tised are : — Strong picks, but short 
from the handle to the point, for lifting the road. 

“ Small hammers of about one pound weight in the 
head, the face the size of a now shilling, well steeled, 
with a short handle. 

“Bakes with wooden heads, ten inches in length, 
and iron teeth about two and a half inches in length, 
very strong for raking out the large stones wd e:i the 
load is broken up, and for keeping the road smooth 
after being relaid, and wdiilo it is consolidating. 

“Very light, broad-mouthed shovels, to spread the 
broken stone and to form the road. 

“ Every road is to be made of broken stone, without 
mixture of earth, clay, chalk, or any other matter 
that will imbibe water and be affected with frost; 
nothing is to bo laid on the clean stone on pretence of 
binding ; broken stone will combine by its own angles 
into a smooth solid surface that cannot be affected by 
vicissitudes of weather, or displaced by the action of 
wheels, which will pass over it without a jolt, and 
consequently without injury.*’ 

Rules for calculation required in, and data for 
estimates of costs in road making which have not 
been previously given in the foregoing chapters. 

To find the quantity per yard in length of excavation 
in forming, or of broken stone or gravel required in 
covering a road of any given breadth and depth or 
thickness. — Multiply the breadth of the road in feet 
by one-fouHh of the depth of the excavation, or 
thickness of the covering in inches, and the product 
will be the quantity required, in cubic feet. Or — 

Multiply the breadth of the road, in feet, by the 
depth of the excavation, or thickness of the covering 
in inchea Divide the pioduct by 108, and the 
quotient will be the quantity required, in cubic 
yards. 

Example. — Required the quantity of soil per yard 
in length that will have to be removed from the site 
of a road 36 feet in breadth, the depth of the soi> 
being 16 inches. 
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THE FACTOBT OB MILL HAND AS A 
TECHNICAL WOBKEB. 

The OBGAmsATioK) Qekebal Duties, and Spboial 

WOBK OF THE STAFF OF FAOTOBIKS FOB THE PBODUC- 

TiON OF Spun and Woven Goods— that is, ^‘Yabn” 

AND “Cloth’*— AND those chiefly in Cotton and 

Wool.— General Descbiption op the Yabioub Pbo- 

CESSES OF Manufacture. 

CHAPTER XVIIL 
Operation! of the Loom {continued). 

The different parts of the loom can be changed, so 
that different “ counts ” of yam, coarser or finer, can 
be woven on the same loom, giving coarser or finer 
cloth. The loom has a limit in that direction ; never- 
theless it must be that a little variation of cloth can 
be made on the same loom. 

It would require a volume of a large size to 
point out all the minute parts which constitute 
the power loom, and explain every movement, and 
the connections of the various actions, so as to 
enable them to be traced out individually with the 
other working parts, which must of necessity harmo- 
nise in every movement, so that one part can follow 
another as required ; this and only this can constitute 
a power loom capable of doing the work of a self- 
acting loom.” 

It is always interesting to be acquainted with 
technical terms — such as are used in the trade. 
We shall now give four of the expressions which are 
common amongst those connected with the weaving 
of calicoes. Each of the names are used to represent 
a fault in the weaving — namely, ‘^clouds,” ** je^s,” 
‘^gaws,” and “scobs.” A “cloud” is an expression 
used to indicate at once its meaning — that is, a thicken- 
ing of the cloth either throughout its whole breadth, 
or, as is commonly the case, at the selvage only. 
A '^jesp,” on the contraiy, is a thinning of the 
cloth, or rather merely a greater space between two 
shots or strokes of the lathe than ought to be, at some 
particular part of the web ; whereas a “ gaw ” is a 
space continued over the whole breadth of the web, 
or it may be partially interrupted by a broken shot. 
A “scob,” again, is a blemish in the cloth arising 
from the interruption of the threads in shedding 
preventing the proper interlacing of the warp and 
the weft. 

This fault affects both hand- and power-loom goods, 
but not equally so, as it arises almost wholly from an 
ill regulation of the hand in working the lathe, to 
a degiee beyond what is to be met with in the 
trade. It is not to be looked for in work of an 
average quality. 

Clouding and jesping are frequently traceable to 
the practised eye ; and in a great measure arise from 
the stoppages in working to dress and draw the 


bore : as in these cases, should the diameter of the 
beam be unequal, the line of the fell is not straight 
in commencing again ; and where it is concave 
towards the reed, it will “ jesp ” and “ cloud ” where 
it is convex. The weaver endeavours to prevent these 
faults by squeezing forward the cloth where the fell 
is off, and taking out a couple of shots at the selvage 
in its being forward, as it may require it. But the 
right remedy is true beams, placed in parallel direc- 
tions to each other, and light and equal brushing in 
dressing, so that the yarn may not be unequally 
stretched, as has been noticed in weaving by hand. 
But “jesping” may nevertheless take place from 
unequal strain on the lathe in its attachment to the 
rocking-tree. In that case the fell, although it may 
be straight, will be in a somewhat slanting direction, 
not parallel to the lathe when brought slowly for- 
ward, more especially if the weaver works at a great 
speed. The “ jesping ” will then be apt to take place 
at one side only, in commencing again after a stop of 
any kind, when the lathe has not acquired the full 
momentum. 

But as the power loom is free from the injurious 
effects on the cloth resulting from the dressing of the 
yarn in the loom, and likewise from the variations 
arising from the bore, the cloth is more evenly made 
than that by hand, although “ gaws ” are more liable to 
take place with it than in hand-made goods. But 
“jesping” may, and does, take place in the power 
loom, from strain on the lathe in its attachments to 
the rocking-tree, or from its connection with the 
crank-shaft, by their not being parallel. There is 
another cause which is not sufficiently attended to 
— namely, the vibration of the drum shafts from 
unequal weakness in working, which very injuriously 
affects the lathe, in case it should be suffering from 
any strain in the loom. 

The above general remarks may be of great service 
to those not acquainted with terms used in the 
process of cloth making. It is more than can be 
expected of us to give the familiar phrases of the 
trade for faults in every locality. Those we give are 
used in the great seats of the cotton trade in the 
north of England. 

•Again, the words, “warp,” “web,” and “chain,” 
are all used as referring to the same thing, but 
understood in a special sense as applicable to the 
different stages of manufacture. 

The “web” is a general term, and is used in 
reference to the web in the woven or unwoven state. 
But the “ warp ” is specific, and is used as contra- 
distj||i;uishing the one portion of the web from the 
other, or the warp from the weft. The “chain,” 
again, refers to the warp only as it comes from the 
warping mill, before it is beamed for weaving. 

Iffie “yam” is the material in a state either for 
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warp or weft, end » thread is an individual portion 
of the yam referred to. The yam, however, for 
warp and weft is never mixed, because, as the warp 
sustains the strain of weaving, it is made of better 
nift tarinl, and with more twist than is necessary for 
the weft. 

WeaTing. — ^Partf of a Loom. 

We shall now refer to certain parts of the loom. 
The construc 5 tion of the power loom had hitherto been 
based, as closely as possible, on the arrangements of 
the hand loom. But it was soon found that there 
was a great difference between the actions of the two 
mechanical agencies; and changes were early made 
in the power loom with the view of accommodating it 
according to its work. 

The inverting of the position of the “ lathe was 
one of the earliest of these changes ; and as it 
improved the machine in compactness of form without 
being attended with any injurious effect on the 
motion of the “lathe,” as impelled either by the 
crank or the “ wiper ” for calico weaving, it became 
almost universally adopted in the construction of 
the power loom. 

One improvement followed another, .and led to a 
thorough revision of the whole mechanical movements 
as applied to weaving. These we shall name in the 
following order : — 

First, as to the throwing of the loom out of gear 
by means of the shuttle protector. Second, as to the 
motion of the lathe. Third, as to the means for 
shedding. Fourth, as to the means for picking. 
Fifth, as to the make of the loom, as best fitted to 
withstand the reactions of these motions. Sixth, as 
to the motion for winding the cloth on the beam. 
Seventh, as to the devising of a means for stopping 
the loom on the discontinuance or breakage of the weft 
shot. Eighth, as to the invention of a means to render 
the temples self-acting, so as to keep the cloth at its 
proper width at the fell without hand interference, 
and so save time and save the reed. 

Power -Loom Weaving. — Management. 

These are important objects, as comprehended in 
the foregoing heads, since the completeness in the 
success of the motions of the power loom depends in 
a great measure on the manner in which they are 
accomplished by machinery. But the right origina- 
tion of the means, as well as the appreciation of the 
fitness of their application, depends on a knowledge of 
weaving, or those principles of the art which must be 
inseparably associated with the consideration of the 
state of machinery as affecting it. Some conception 
of what must be done to secure good weaving will be 
obtained by considering the following circumstances 
connected with the management of the power-loom 
department of a factory or mill. 

A certain number of looms is given into the charge 


of a man who is known by the name of “ tackier.” He 
has the entire control of the looms, and is expected 
to keep them in perfect working condition. The 
production of the cloth as to quantity, and even as to 
quality, will very much depend upon the manner in 
which he manages the looms and their working. 

First f as to the yarn, that it suffer no unnecessary 
strain in the loom, certain points must bo attended 
to : — (1) as to position — that the warp be in a 
straight line ; (2) as to stretch— that it be of the 
proper length ; (3) as to direction— in the line of 
the stroke of the lathe ; (4) as to support — that it 
be maintained in the proper line ; (5) as to tension — 
that it be properly paced. Second, that the yam 
suffer no unnecessary strain from the motions in 
weaving. To secure this, it is necessary to allude to 
the following : (1) as to size — that the motions be the 
smallest that can be rendered sufficient ; (2) as to 
the arrangement as affecting the motions of the 
shed and lathe — that there be no unnecessaiy space 
between the headles or healds and the fell ; (3) as 
affecting the shed — that the shuttle be as thin as may 
be barely sufficient for a pirn (cop) not inconveniently 
small ; (4) that the size of the shell be barely suffi- 
cient to receive the shuttle ; (5) that the shuttle lino 
in working be as near the healds as the lathe can be 
made to permit it ; (6) that the lathe be properly 
constructed for that purpose. Third, that the motions 
as to quality, be good: — (1) as to the lathe — steady 
and firm in action; (2) as to the slied — steady and 
easy in motion ; (3) as to picking — free and easy in 
action. Various other matters concern the action of 
the numerous parts in a power loom to bring all 
into a state of unison, so that each and every part can 
operate in turn as required. 

We have pointed out many of the most important 
parts which must be attended to in order that the 
loom shall be properly prepared for the production 
of a good quality of cloth. But in addition to the 
production of a good quality, another point has to 
be considered, — namely, the quantity of the cloth 
produced in a given time. Quality and quantity are 
the two requisites which require every attention, so 
that they can be obtained. No machine in the cotton 
spinning and manufacturing process requires more 
attention to produce those two requisites than the 
power, loom. 

Management of a Weaving Factory. 

The manager of a weaving factory, who has the 
charge of the establishment, should be well acquainted 
with the principles and practice of weaving, and with 
the capabilities of machinery. But these qualificationa 
are not easily acquired, and are rarely combined in 
one man. Weaving as an art is seldom thoroughly 
well exemplified in the trade. The management of 
the yam in the loom, so as to effect all that can be 
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(lone with it, depends in a high degiee on a nice 
perception of the strain which the yam is capable of 
bearing, compared with what it must necessarily 
suffer in the process of weaving. This talent in dis- 
criminating weight is best brought out by practice on 
the hand loom. But the ability to distinguish with 
accuracy and precision the difference between the 
relative forces and the ability to dispose of them 
to the most advantage, is not commonly met with; 
and as this ability is necessary to the attainment of 
eminence in the art, it is not surprising that a high 
degree of skill in the management of yarn should be 
rarely exemplified in mill practice. And hence the 
practice, so commonly met with, of working excessive 
motions ; and, as a consequence of their seveiity on 
the yarn, a low speed becomes advantageous, as neces- 
sary to prevent many breakages in the weaving. 

There is a gi*eat difierence in woven fabrics, be- 
ginning at the sailcloth and ending with the finest 
muslin. Calicoes are a sort of medium between these 
two extremes. The heavier the cloth which is in- 
tended to be made on a loom, the heavier should the 
loom be. This is the case with neai'ly all machinesi 
^■ind vice versa. 

The speed of a loom {Le, the number of picks 
per minute) is the basis for calculating the productive 
power of a loom. It will be evident that the wider 
the loom (i,e, the cloth woven in it) the fewer picks 
per minute will be obtained; the reverse when the 
loom, or its cloth, is narrow. 

Tluit description of goods which is known by the 
name of chocks ” is made of all materials in common 
use for cloth — as cotton, woollen, linen, silk, or a 
mixtui'o of them. 

The check is formed by having the warp striped in 
a certain order by warping yarn of different qualities, 
either as to grist ” (quality), or colour, and crossing 
these stripes in weaving, at the proper intervals to 
form the squares with the corresponding kinds of 
weft. 

Checks ai*e therefore woven with a number of 
shuttles corresponding to the number of colours or 
kinds of yarn used as weft, to form the pattern 
when worked along with the warp. 

The shuttles must, of course, be changed for this 
purpose in w'eaving with them ; and this is done by 
rendering the bob movable, at least at one end of the 
lathe, and forming it with a separate berth or box 
for each of the shuttles intended to be used in the 
work. The movement of the whole box is therefore 
made in a certain measured manner corresponding to 
the breadth or depth of each of the separate boxes, — 
so that any of the shuttles may be brought as re- 
quired to the plane of the race and the reed, and used 
till another change becomes necessary. Checks are 
generally heavy fabrics, about the sot of calicoes, 


especially those made in the localities of Carlisle and 
Manchester; and therefore no special adaptation of 
the loom from what has been already described for 
such work is necessary, except that dependent on the 
motion for changing the shuttles. 

The treadle is worked, so as to raise the boxes 
successively as the shuttles require to be changed, by 
the pattern wheel itself, which receives its motion for 
that purpose from a small pinion on the wiper shaft. 
This motion of the treadle is effected by the segments 
screwed to the face of the wheel ; and as each seg- 
ment gives exactly so many shots, according to the 
pattern, the number of segments in the circle gives 
the number of changes in the pattern for that 
shuttle. The next shuttle is brought up by another 
segment, concentric with the last, and so far within 
its circle as merely to bring the box which it actuates 
to the level of the race. 

The number of the concentrics of the circles deter- 
mines the number of the shuttles with which the 
loom is fitted for working ; and the number of seg- 
ments in each circle determines the changes in each 
of the shuttles respectively. 

In manufacturing by machinery, this operation of 
“ beaming is entirely avoided, and that of “ warp- 
ing^' is much simplified. The yarn in power-loom 
weaving is taken more directly than in former times, 
when beaming ** the yarn was a part of the prepara- 
tion for a beam for the loom. Beaming now is out 
of date. The yarns (mule cops) as they leave the 
pinner are wound upon large bobbins, on a cop 
winding machine. These bobbins are then put into 
a ‘‘creel” of a beam warping machine, capable of 
taking in about five hundred bobbins. When a 
certain number of such beams of yam are full, they 
are taken to the dressing frame ; the number required 
to give the number of ends to make the beam com- 
plete are wound upon one beam as they are being 
dressed, and hence the necessity of warping, except 
where dyeing or bleaching is required, and then the 
species of warping called mill warping must be 
resorted to. 

The fewer changes of fabrics in weaving in one kind 
of loom the better. There is thus little calculation 
roquii'od in warping for it, and little variety in the 
operation. 

Weaving.—Dreisiiig of tho Yam. 

We now come to the operation of “ dressing ” the 
yarn to be woven into a fabric. The motions in 
weaving may be performed in a manner altogether 
faultless, and the position of the yarn in the loom be 
th^||>est for sustaining and avoiding strain still there 
is another consideration connected with the yam of 
essential importance to success in weaving (more 
especially in the fine qualities, both as affecting the 
quality of the work and the quantity) — ^namely, the 
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state in which the yarn is submitted to the loom in 
the operation of weaving. 

Two conditions are included in the state of the 
yarn. It must be properly “ dressed.*' It must not 
be impaired by insufficient dressing, so as to bring 
about that brittleness affecting it in the working. 
Both of these conditions muust be secured to the yarn, 
so as to fit it for doing what is required. A dry 
atmosjffiere is detrimental to the yarn for weaving. 
Fi'ost is most injurious to it, both in preventing it 
from taking on the paste used in the dressing,’* and 
especially in rendering the yam very brittle after 
being dressed. In hand-loom weaving the ground 
floor is universally used as the only situation adapted 
for fine or medium weaving. The ground floor sur- 
face is generally the bare earth. In power-loom 
weaving the ground floor is also made choice of, and 
this accounts in part, for weaving being carried on in 
low “ sheds.** 

As to the “ dressing room.** As heat in the air 
of ilie room is not at all injurious to the yarn 
provided there bo a supoiabundance of moisture 
with it, the temperature should be such merely as 
is sufficient to render the place comfortable to the 
workers. 

We may observe here tliat the object of the 
mechanical arrangements in dressing is to lay the 
sui’face filaments of the yarn in the line of the thread, 
and secure them in this position effectually by the 
application of paste,** made of flour, but too fre- 
quently of other materials not so honest,** with the 
least possible waste of the strength of the yarn ; and 
the means will be successful only in so far as they 
accomplish these objects. 

Sizing and dressing of yarns (warps) has l^een 
adopted (as far as can be gathered) almost from 
the ejirliest times of weaving. It is of the utmost 
importance that the fibres of the yarn should be so 
closely fixed to the thread that they cannot be dis- 
turbed when in the loom, as the motion of the healds 
would “ fridge ** the thread and would so weaken it 
that to move it would be literaUy impossible. There 
is the tape sizing machine and the beam sizing 
machine. The tape sizing machine is that which 
sizes the warp as made in the warping mill ** — i.e., 
in long tapes — as long as are required, which vary in 
length from two hundred to a thousand yards. The 
cylinder sizing nmchine sizes the beam-warping warps 
or beams. The warps for the sizing on the cylinder 
principle are run upon beams, and a series of beams 
are attached to or put up at the machine, and as the 
threads are drawn off the beam (but at a very slow 
pace) they pass through rollers or under a roller 
which is in contact with the ** size ** or paste.’* 
Simply passing through “size** would not produce 
the desired effect, Brushes are used so as to wipe off 
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superfluous paste or lumps. The high speed at which 
the brushes run not only clears off thick or lumpy useless 
matter (worse than useless, such as would be a detri- 
ment to the weaving of the piece), but also performs 
another part which is as necessary to be done — namely, 
that of freeing the threads from the over-abundance 
of “ size *’ or paste, but it lays the loose fibres of the 
thread so closely to the thread itself, that it appears 
more like wire than thread when thus sized or dressed 
for the loom. 

The fibres are so well united with the body thread 
that they are in point of appearance the thread itself. 
This sizing prevents any part of the process of work- 
ing in the loom from disturbing the fibres and thus 
making the cloth wetxkerand rougher. It will at once 
suggest itself to the reader that there must bo some 
process for drying the threads after receiving so much 
damp or wot material as that of the size or “ paste.** 
In running the threads upon a beam (which has to be 
done) they would adhere to each other, and in process 
of di'ying while on the beam the threads would be so 
cemented together that to try to separal o them would 
not only be impossible, but, if possible, would so 
disturb them that they would be useless for weaving. 
To avoid this difficulty the dressing or sizing machine 
is provided with a series of steam chests called steam 
cylinders. These cylinders receive the steam direct 
from the steam boilers. 

The threads having been cleared from the unneces- 
sary quantity of size by the brushes, and the fibres of 
the yarn all closely laid in one direction, the yarn then 
passes but slowly over those large cylinders which are, 
as we have said, heated vdth steam. 

This machine is provided with a fan, which, as will 
be at once understo<xd from the position in which it 
is placed, assists to clear away the steam and con- 
sequently t})e damp which arises from the wet yarn 
passing over the hot steam cylindoi’s, and thus it is 
carried awjiy and the drying of the yarn facilitated. 

Sizing or DrezBing tfacMnoB. 

The machines employed for the purpose of sizing or 
dressing are of simple construction. Though simple, 
they hold a most important position in preparing the 
warp for withstanding all the strain to which it is 
subjected in the process of weaving. 

In preparing the warp for the power loom the yarn 
is run into the machine from beams as they come from 
the beaming mill or beam warping mill, and has thus 
to be received at the other end on a beam. 

The two departments of the process, therefore, of 
sizing and drying are run together, or rather go on 
continuously, in the same machine ; at the one end 
the yarn is sized, and at the other dried on the 
cylinders, and delivered to a beam ready for the 
weaving room. 

19 
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CHAPTER XXV. 

Continuing our description of the projection of a helix 
or screw, begun in last chapter, we have to remark 
that when the lines of the windings are thus close 
together — as in the case of the threads of a screw — 
the screw is said to have a “slow-running thread,'^ 
when the lines of the winding are far separated 
the screw is said to have a “ quick-running thread,” or 
the helical line is said to have a “ quick turn ” or the 
reverse. The distance between the point where a 
heliciil line begins to wind round a cylinder or a line, 
as at the point h in fig. 1, Plate CLXXXII., and the 
point where it terminates, as at a, the line making 
a complete turn round the whole of circumference, 
is technically called its “ pitch.” In the case of a 
vertical cylinder, this “ pitch ” may be considered as 
the “ rise ” of the helix, in that of a horizontal 
cylinder its “travel” along the generating body. 
Pig. 2, Plate CLXXXII., further illustrates w'hat has 
been said above os to the generation of a point moving 
along and round a cylinder. In this case the cylinder, 
m ah c d, is supposed to be supported by a shaft e fi, 
and to have a motion of revolution given to it in the 
direction of the curved arrows. A tool e or tracing 
point is kept in close contact with the surface of the 
cylinder, and the “ rest ” which holds it has a motion 
given to it along the length of the cylinder in the 
direction of the arrow as shown. The speed or travel 
of this in a given time is in proportion to the circum- 
ference of the cylinder a & c d, as the thread or winding 
line //is required to be a quick or a slow turning one. 
The circular motion of the cylinder a h c dis techni- 
cally termed its “ angular motion,” in contradistinction 
to the rectilineal one of the generating point travelling 
along the length of the cylindgr. 

The Development of the Surface of a Screw. 

In the preceding paragraphs the reader has had 
explained to him how the surfaces of cylinders and 
cones can be developed so that they can be made to 
assume the form of a plane surface : that of a cylin- 
der, for example, takes the form of a rectangle or 
parallelogram, the height of which is equal to the 
height of the cylinder and the length equal to its 
circumference ; that of a cone having a form 
bounded by parts of two circles concentric to each 
other, terminated and joined at the ends by two 
straight lines converging, if produced, to a central 
point, being that at which the sides of the cone, if 
produced or prolonged, would meet. This principle 
of development, or the method practised to obtain 
the development or “ stretch-out ” of a body, gives us 


the method of drawing, delineating, or finding the 
course taken by a helical line, whether that be 
generated by a point moving round a cylinder or a 
cone or the frustum of a cone. This we shall now 
endeavour clearly to explain. 

We have seen that a “ helical,” or, as we may by 
using the popular term call it, a “ screw ” line — as the 
screw is the most familiar exemplification of the 
helical line in practical work — is very clearly shown 
by winding a triangular piece of paper, ab abo, fig. 6, 
Plate CLXXXII., round a cylinder or pencil, d e. If 
the reader, on commencing to have the characteristics 
of screw lines explained to him, has a pencil so 
wrapped round with a piece of paper presented to 
him, ho might have a difficulty, if asked, to say what 
would be the shape or form of the paper when 
unwrapped or unwound from the pencil. But if asked 
to unwind it, and when he saw tho triangle, as a c, 
he would at once see that this form was in reality the 
helical line “ stretched out ” or “ developed,” — what 
had shown at first to be a cylindrical line, gradually 
going up and round the cylinder, bearing when so 
stretched out a plane surface. Suppose that he were 
asked to rewrap or rewind the triangle, as a 5 c, fig. 6, 
Plate CLXXXII., round tho pencil, but before doing 
so to mark off on the edge a a a seiies of red marks, 
as 1, 2, 3, 4, on say the blue margin, on wrapping the 
triangle thus marked round the pencil in the way we 
have previously described he would perceive that 
those marks would come in succession in contact with 
the surface of the cylinder, and occupy certain posi- 
tions thereon. If the distance between those points 
or marks was uniform, as that between the points 5, 6, 
7, 8, and the whole length of a c so equally divided, 
uniformly spaced marks would be found on the surface 
of the cylinder. These marks would, on consideration, 
obviously have a fixed and definite relation to the 
siuface or circumference of the cylinder ; and if they 
could be transferred by some means to the surface 
of this, when the paper was taken off the cylinder 
they would be found to be marked by points equi- 
distant round its circumference. Here, then, we should 
have a combination of two classes of points : first, those 
on the triangular wrapper a be, and second, those on 
the surface of the pencil d c. Now, if we could 
exhibit on paper the same number of points, and in 
the same relationship to each other, we should ob- 
viously have a means of delineating on its surface the 
same helical or screw line as is generated or produced 
in the manner shown At /g hi and km no, fig. 6, 
Plate CLXXXII. How to do this is taught us by 
tl# principles of the development of suHaces, as 
explained in preceding paragraphs. 

The mode of applying this principle is now to be 
illustrated. 

Three points or data are required to be known in 
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order to apply this metliod : first, tlie projection in 
elevation of generating body, wbicb in the first in- 
stance we presume to bo a cylinder; second, its 
projection in plan ; and third, the length of the 
pitch,” or the distance, as already explained, be- 
tween the two points, the first at which the helical 
or screw line begins its winding, and that at which 
it terminates it on the cylinder. Let a h c d in b, 
fig, 1, Plato CLXXXII., be the elevation of the 
cylinder — the height of which in this instance is 
confined to that equal to the “pitch,” which is 
indicated in the length between points a and 6. 
The “ plan ” is shown below : the centre i of the 
circle giving this being on the central lino e f oi 
elevation produced indefinitely below. Divide the 
circle into any convenient number of equal parts 
— this being most quickly done by the “J** 
set-square — as shown by the points 1, 2, 3, 4, 5, 6, 7 
and 8. Divide now the length or height of the 
“ pitch ” line a h into the same number of equal parts 
as the plan is divided into, and from those points, 
as 1, 2, 3, etc., in a 5 draw lines (shown dotted) 
parallel to the base he. Then from the points in the 
circumference of the circle or plan in a, draw linos 
parallel to centre-line e /, cutting those drawn from 
points 1, 2, 3, etc,, in elevation. The intersection of 
the correspondingly numbered lines gives a series of 
points through which a curved line is to be drawn, 
and which is that of the helical or screw line re- 
quired. Thus the intersection of the vertical line 
drawn from point 1 in plan gives, with the horizontal 
line drawn from point 1 in elevation, the point 
the first point in the curve ; the intersection of line 
from point 2 in plan with line from 2 in elevation 
gives the second point, I ; wliile the third point, m, is 
obtained by the intersection of the line from point 3 
in plan with the line from point 3 in elevation. 
This gives half of the complete winding or screw line, 
which is on the side nearest the spectator, and is 
therefore seen in full line. The other half, on the 
opposite side of the cylinder, is in dotted line, and the 
points through which it passes are obtained by an 
inclination upwards of the same lines as before, start- 
ing from points 1, 2 and 3 in plan, intersecting them 
from points 5, 6 and 7 in elevation. These points in 
reality are the same as if obtained by drawing ver- 
ticals from points 5, 6 and 7 in plan ; but as the circle 
or plan is divided into eight equal parts, 6, 6, and 7 
are opposite to 3, 2 and 1, If the circle in plan was 
unequally divided, the points of upper half of helical 
line going from n to a would be obtained by the lines 
from 5, 6 and 7 in elevation, including those which 
would be drawn from the points in upper side of plan, 
as those with the plan unequally divided would not be 
opposite points in the lower half. But the principle is 
the same in every case: that correspondingly num- 
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bered horizontal lines intersecting with correspondingly 
numbered verticals give the points in lower and upper 
parts of the helical or screw line. 

Fig. 4, Plate CLXXXV., illustrates the point to 
which we have in a preceding paragraph just re- 
f erred : namely, the difference between a quick- 
running screw line, as in last figure, and a slow- 
running one, as in the present figure. Here the 
“ pitch,” h e, is only one-half that of fig. 1, Plate 
CLXXXII. ; although we have shown in dotted 
lines an intersection of the cylinder in order to illus- 
trate more clearly the course of the helical line, both 
at back and fi'ont view of the cylinder. The complete 
turn of the lino is from h iof and from f to e\ the 
part at front of the cylinder being in full and hatched 
line 6 to /; the part of line at back of cylinder 
being on dotted line from f to e. The corresponding 
heliciil line, but running in the contrary direction, is 
shown also in dotted line, as from c to 4, and from 4 
to g, and from g to h. 

In fig. 3, Plate CLXXXII., wo illustrate a conical, 
helical or screw line. Tin's is shown as being gene- 
rated by a point going round and up the surface of 
the frustum of a cone, ahed. As in the curve of the 
cylinder, the projection in plan of base, as in A, is 
required, as well as the plan of top, as in o. The two 
plans, A and c, may be obviously combined in one, as 
shown by the two circles ,/ g h being the plaTi of base a b 
in B, J i k being the plan of top, cd. Half only of the 
projections of plan are in this case absolutely neces- 
sary, as from the circle being divided into eight equal 
parts, the divisions on upper side coincide with those on 
lower. If the divisions were such that the points on 
upper side did not coincide with those on the lower, 
the plan or circle would require to be complete, as 
the vertical lines starting from points on upper side 
would be different in position from those starting 
from the points in lower side, although all would be 
parallel to the centre-line k e. Divide the plan, as 
fg hy into any number of equal parts, and from these, 
as 1 2 3 in a, carry up vortical lines cutting a b in 
points I and m. We have, to make the construction 
more clear, put the plan of top al) 0 ve the elevation 
in B, as at 0 ; this then is divided into the same num- 
ber of equal parts as a is divided into, and from the 
points 1,'2, 3, verticals are dropped to cut cd of frustum 
of cone in points n and o. These poin ts would obviously 
also be gained by carrying up verticals from the 
points in inner circle ^ in A, as from 4 and 5 ; but 
by placing the plan of top at c we obviate any 
confusing lines in b. Join the points ly n, and m, o. Let 
a c in B be the “ pitch ” of the helical or screw line. 
Divide this into the same number — eight in the 
diagram — as the plans (full) are divided into, and 
from points 1, 2, 3, etc., in a o draw lines parallel to 
the base a b. The intersection of the corresponding 
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lines gives points, as at ^ and r, throagh which the 
curve of helical line is to be drawn. 

Delineation of Helical Bodies. 

In fig. 4, Plate CLXXXIL, we give an illustration 
showing the application of the foregoing methods of 
drawing helical or screw curves to the delineation 
of the “ worm ” of a distilling apparatus, the worm ” 
being generally a true helix. The diameter of the pipe 
forming the worm wo assume to be equal to db in a. 
The worm in this instance is a cylindrical helix, as in 
fig. 4, Plate CLXXXV., not a conical one, as in fig. 3, 
Plate CLXXXII. : the diameter is therefore equal 
throughout of the coil ” of pij>e forming the helical 
womi. The curve of the helix is generated by a 
moving point in an imaginary cylinder, the circum- 
ference of which passes through points lying midway 
between the sides of the pipe. To describe the curve 
three points must l)e known ; first, the diameter of the 
‘*coil,” as d h in A, fig. 4, Plate CLXXXII. ; second, 
the diameter of the pipe, as a ; and third, tlio length 
or height of the ** pitch ” line, as/ ^ in b. The first 
thing to do is to divide the diameter of the “ coil,” 
as /j, into two equal parts in the point e, and through 
e at right angles to draw a centre lino, e h, of in- 
definite length. Next divide the diameter of the 
** pipe ” or tid)o a h into two equal parts in the point 
c, and fn)m e as a centre witli 6 c as radius describe 
the circle 12 3 6 9. This circle shown dotted is the 
circumfeienco of the cylinder, the height of wLich is 
ecpial to f Qy round which the moving jK)int generates 
the helical curve. Divide this circle into any number 
of equal parts, as twelve in the drawing, and divide 
filso the pitch f g in B into the same number of 
equal parts. Then, by drawing verticals from points 
1, 2, 3, etc., in a, and horizontals from points 1, 2, 3, 
etc., in B, points will bo given at their intoi sections, as 

k, ly niy n, o, py y, r, Sy ty and u, through which the 
curve of the central helical line is to be drawn. 
Distances equal to a c, a c 6, tn A, are then to be 
set off at various 2 >oints of this helical curve, and 
these will give the points through which the pipe ” 
forming the helical coil will be diawn in full, and 
shaded if necessary, as shown in the drawing. 

Development of a Helioe. 

Wo have, with reference to fig. 6, Plate CLXXXII., 
said something as to the development or stretch-out 
of a helical screw or curve. That figure, in fact, 
explains the principle upon which the development on 
a flat surface of a helical curve is found. Thus, to 
find the development of the helical curve in fig. 4, 
Plate CLXXXV., if we take any line of indefinite 
length, as a h, fig. 6, Plate CLXXXII., and make the 
line a/ at right angles to it, and its height equal to 
a8c in fig. 4, Plate CLXiOlV., and set off on a 6 
a series of distances equal in length and number to 


the distances into which the circle in a is divided 
we shall have the data to find a series of points 
through which the line f joining a 5 is to be drawn. 
Draw through the points c, dy e and b verticals, as 
shown ; and on them set off the distances as taken 
from he in B, fig. 4, Plate CLXXXV. Thus o ^ is 
equal to b 7, d h to b 6, ei to b 5, bj to b 4, and so on ; 
/y g, h and i are the points through which the line is 
to be drawn. To save space, we have assumed the 
length of line to be as h m, fig. 5, Plate CLXXXII., 
corresponding to the line a b — that is, one-half of 
its true length. The distances (half), as 1 2 3 on the 
line k m, are to be taken from the circle in A, fig. 4, 
Plato CLXXXV., and tlie distances, as 1 7, 2 6, 3 5, 
etc., from the line b c. The distance A; Ms equal to 
(half) of h <?, fig. 4, same Plate. When the line I ni is 
drawn, the triangle klm in the development of the 
helical line. And if (assuming the distances in the 
triangle to be the same as those given in fig. 4, Plato 
CLXXXV.), this be the set in relation to a cylinder 
the diameter of which is equal to A, and height to 6 e 
in B, fig. 4, Plate CLXXXV., and the paper wound 
or wrapped tightly round the cylinder, then the points 
Z 7 6 5 4 3 2 1 m, fig. 5, Plate CLXXXII., will give 
the helical curve points on the cylinder. 

Development of a Conical Helix. 

The development of a conical helix is shown in fig. 1, 
Plate CLXXXV. To save space we have drawn this 
figure with distances equal to one -half of those given in 
fig. 3, Plate CLXXXII., the development of the helical 
curve of which we wish to obtain. The principle is the 
same as in last figure, and as the method of developing 
the surfaces of a curve or of a conical frustum else- 
where described. Let a by fig, 1, Plate CLXXXV., 
be the centre line of the frustum, of which aede is 
one-h.alf in elevation. Continue the side e d till it cuts 
ab in b. From 6 as a centre, with be a» radius, 
diaw an arc of a circle of indefinite length, as e 
From e set off distances equal in number and in 
length to those in the circle (or semicircle) A in 
fig. 3, Plate CLXXII., to point 8 in the arc c 8. 
From these points, as 1, 2, 3, 4, draw lines converging 
to the point b. Take from B, in fig. 3, Plate CLXXXII., 
the distance a 7 (from line a c), and set it off from point 
1 on arc e f (fig. 1, Plate CLXXXV.), to cut the line 
1 6 in point 7. With distances, as a 6, a 5, etc., from 
line a c, fig. 3, Plate CLXXXII., set off from points 2, 
3, etc., on tlie o-rc e /, to cut the lines 2 6, 3 6, etc., 
in the points 6, 5, etc. A series of points will thus 
be obtained, as 4, 3, 2, and 1, through which a curve 
line^ to be draw-n, joining points d and 8, The 
Bur^e e^d is is the development, on a plane, of the 
helical or screw line in B, fig. 3, Plate CLXXXII. 
If this were cut out, and the paper applied with its 
edge, as 6 to one side, as a c, of the frustum of a 
curve, as ah c dy the edge 81234567 d would 
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form the helical curve. The reader must remember 
that the distances or dimensions in fig. 1, Plate 
OLXXXV., are only one-half of those taken from 
fig. 3, Plate OLXXXII. 

Delineation of Helices. 

The delineation of screws used in the mechanical 
arts, both square-threaded and angular-threaded, will 
be presently shown. The methods usually practised 
in the delineation of screws on the small scale will also 
be then illustrated. Meanwhile, this is the appropriate 
place to show how a helix pipe, or worm,” as in fig. 4, 
Plate CLXXXII., is delineated on the small scale. This, 
as will bo seen on inspecting fig. 2, Plato CliXXXV., 
is shown by a combination of straight-lined parts ; the 
only parts which are curved are the ends, as at a a. 
These ends may be finished with semicircles, as at 5 ; 
or, as some prefer to finish them, with semi-ellipses. 
The parts of the “ worm ” at d d represent the parts 
soon in the front, or nearest to the s];>f‘ctator, and are 
made to slope from left to right, as shown. The parts 
cc are the parts at the back, or farthest from the 
spectator, winch lead the worm ” up from the other 
parts ; they thus slope in the opposite direction, from 
right to left. An angle for the parts d d very suitable 
is about 26^^; but, as the ^‘set square of 30° and 
60° ” can be so easily applied, they might bo put in at 
the angle of 30®, as at h. But it will be perceived 
that when finished, as at iifjjt the drawing does 
not look so well ; the return parts, as jj^ in place of 
appearing to go up, as at c e — which they do — are in 
reality sloping slightly downwjirds. To give them a 
sloping appearance upwards, the ‘‘ worm ” would re- 
quii’O to have a much quicker running helix. The 
setting out of the drawings will be understood from 
an inspection of the centre line 7)il — the distances 
between the parts d d being set off on this, as at m 
and n ; the lines op^ qr, bounding them outer lengths, 
the circular ends being beyond these. 

To find the Curves of a Spiral Staircase. 

Having in the preceding paragraphs explained the 
principle upon which screws and helices are projected, 
we now proceed to show their application to the 
practical work of the builder and mechanic, as in the 
setting out of spiral staircases and of screws. And 
first as to the application of the principle to staircases. 

The principle of delineating helical or screw lines 
is applicable to the setting out of ‘‘circular stair- 
cases” — sometimes termed “geometrical,” and more 
popularly “ corkscrew ” staircases. This is illustrated 
in fig. 3, Plate OLXXXV., in which a represents 
the plan of the circular “well-hole” formed in the 
building, which forms what may be called the “case” 
or “casing” of the stair. Or the circle may also 
represent the outside diameter of the geometrical 
staircase, should it be formed of iron, which may 
stand quite independently of any well-hole or part 


of the building, as in the centre or the comer of a 
room, from which access may be desired to a room 
above. In the drawing the inner circle B represents 
the well -hole, or it may bo of smaller diameter and 
represent a newel post or vortical post round which 
the stair winds. Suppose it takes fifteen steps to 
reach the upper floor at line 15, in cc, from the lower 
floor or story c d. The stair is entered, or the first 
step starts from the point as shown by the arrow 
e d. The steps in tlie lower half are shown in full 
line, and hatched; those in the upper lialf dotted. 
If the reader will suppose the staircase to be cut 
into two parts in the diiection of the horizontal line, 
crossing the plan in A a from point 15, and that 
he is looking at it full in front in the direction of 
the arrow 1 at a, he will perceive mentally that the 
steps will, as they wind round the inner concavity of 
the well-hole, appear of different lengths, and that 
their outer terminations will lie in a curved, helical 
or winding line. Those steps, thus seen as looking 
at the vertical section in the direction of the aiTOw, 
are shown in the projection of elevation in cc; as 
going from the point / on base line ahcd up to /, 
opposite the point 8 on the lino g 4. The steps seen 
in the upper half of our supposed vertical section 
will bo seen to follow a winding lino also, when tho 
section is looked at in the direction of the arrow 2 ; 
and this winding line is that shown in the projection 
of elevation in c c reaching from point i toy. 

To obtain the complete winding line from point f 
to i andy, proceed as follows. Divide the circle in A A 
into fifteen eqiial pai ts — tho number of stops in the 
stairs — and from these points draw lines to the centre of 
circle at Z, but stopping at the semicircle as at tho point 
k. These linos give the jdan or upper face — technically 
called the “ tread ” — of the steps. Draw any vertical 
lino ^15, equal to and representing the height from 
the lower floor c d to tho upper. As this height is 
reached by fifteen steps, the line ^ 15 is divided into 
fifteen equal parts, the same as tho plan or circle in 
A A is divided into. From the points 1, 2, 3, otc., 
on line ^ in c c, hoi-izontal lines are drawn, or 
parallel to cc?. And from the points 1, 2, 3, etc., 
in A A, vertical linos are drawn of an indefinite 
length. They are drawn in tho diagram only of 
length sufBcient to get the point of intersection with 
the horizontal lines drawn from the points on g. The 
vertical line 15/ is drawn, giving the outside point, 
as / of the staircase. The intci section of vertical 
from point 1 in a A with the horizontal from point 1 
on gr in c c gives the first point, as m. The point n 
is found by the intersection of the vortical from point 
2 in a A with the horizontal from point 2 in ^ in o o. 
All the other points are obtained in the same way; 
the process being identical with the projections 
previously described, the last point being at f. 
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THE OEHAMEHTAL WOOD WOAOB AND 
DESIGNEE, 

In Carpentry and Joinery, oliieily for Exterior Work. 

(BEING ONE OF THE SUBSECTIONS OF THE PAPKB ON “ FOEM 
AND COLOUR IN INDUSTRIAL DECOBATION.”) 

CHAPTER V. 

At the end of preceding chapter we described the 
elements of perforations in woodwork in straight-lined 
figures, as the triangle and the square, concluding 
with certain dispositions of the latter. When the 
sides of the square are not at right angles to each 
other, as at t, fig. 10, last chapter, but as at I, the 
perforation assumes the form of a ** rhombus,” which 
is in fact the lozenge square in k in another position. 

Another four-lined figure is the rectangle or 
pari^llelogram, as at m. When this is used as a per- 
foration it is gonoi*ally very narrow — that is, the base, 
or length, as y? jo in m, is very much greater than 
the height or breadth, as shown at n w, o o. 
When the rectangle is broad, as at m, it is made to 


combination of two arcs of a circle forms another 
perforation, as at q and r ; of three at and of four 
at t. 

Ornamental Forme of Combination of Bight-lined Fignrei. 

Although right-lined perforations are rarely used 
alone in perforated work, still a pleasing effect may 
be obtained by their combination. We show in the 
succeeding illustration a few of these combinations, 
—and this is not done with a direct view that they 
should be adopted in practice as we give them- 
althoiigh, in combination with other more elaborate 
perforations in which circular or curved lines are met 
with, some of these would be very effective. But we 
give thorn chiefly to initiate the young designer into 
the very varied and in some instances complicated 
designs yet to be illustrated — leading him gradually 
up from the simplest to the most complex arrange- 
ments of straight lines and curved ones. 

Thus, in fig. 12 a a illustrates a combination of 
very narrow rectangles : see n n, o a, in fig. 10, which 



Fig. II. 


assume a more pleasing outline in perforated work we have there named as by no means a pleasing 
when the ends are treated as at r r in « ; this is done perforation if used wide, as at m. This vertical 
by adding two equilateral triangles, as at r, r ; or arrangement is sometimes very effective, even when 
two scalene triangles, as at h. When the angles are used alone — as forming, for eicample, a “ band,” or 
not right angles, as in the rectangle or parall elogram string course between two more elaborate sets or 
at m, but as at /, in which none of the angles perforations. A great deal of the effectiveness of 
are right angles, the perforation is termed a rhom- this arrangement depends upon the due proportioning 
boid ” in form. We shall see presently how those of the width of the perforations themselves, but also 
simple elementary forms may be combined in perfo- of the spaces between each two contiguous openings, 
rated work ; meanwhile glancing at the The vertical direction lends itself obviously with greater 

Omameiital Arrangsmenta based on the Oirole. ease to a continuous arrangement of perforation of 

Simple forms of the second class of elementary this simple form than the horizontal. The best hori- 
perf orations, as in fig. 11. The simplest form is of zontal continuity is where a single perforation runs 
course the complete circle, as at a. When used in along, as at 6 c ef. But this has to be separated 
this form it pleases the eye best when of small by full spaces, as at s and/, otherwise it would assume 
diameter, and still better when used in combination the form of a mere horizontal slit or slot. In place 
with other perforations more or less elaborate. A of ||^ving these spaces solid, as e and /, by filling in 
combination of two circles or parts of circles is shown this with a perforation lozenge form, as at g and A, 
at h and c, d and «, and of three at f f g — which is a certain pleasing effect is obtained — and this oven 
termed the “ trefoil” The “ quatrefoil” perforation where a simple shortening of the perforation is made, 
is at i j k /, and ** cinquefoil ” hi I m n o p. A as at t and j. Or perhaps a still more decided variety, 
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and this as it is more of a contrast, is 611ing in the 
blank spaces, as at e and /, by short perforations of 
the same form, but placed vertically, as at A; and 1. 
An arrangement of narrow rectangular apeitui-es is 
shown in which two are vertical, as at w, w, and 
two horizontal, as at o and p. These are placed 
equidistantly from a central point common to them 
all. If this central space, in place of being solid, be 
opened up with a perforation, as at a certain degree 
of pleasing variety is introduced. This may be varied 
in the same line or band in which the arrangement, as 



Fig. 12. 


m n 0 py repeated, by having the central space 
opened by a circle, as at r; a still higher grade of 
pleasing variety being obtained by a cluster of small 
circles round a central larger one, as shown at a. 

In place of dealing with the rectangular openings, 
dispos^ either horizontally, as at a 5 c or vertically, 
as at a, or in combination of those two positions, as in 
mnop,ovq,r and «, by giving them angular or oblique 
positions we introduce a new elemeht of combination. 
This is illustrated in dg. 13, in which, to the same 
arrangement as is given at g, fig. 12, angular or oblique 


perforations, as a, 6, c d, are added. This is also added 
to the same arrangement shown at r, in fig, 12, and 
as at e e, fig. 13. In this figure the angular or oblique 
arrangement of the rectangular openings is fui^ther 



I - o-A 





Fig. 18. 

illustrated, as at /, the openings sloping, so to say, 
in reverse directions. The armngemerit is repeated 
on the other side of the central part h, i\s i,jy the 
openings, being in reversed position as compared with 


nsisi 



' m 

Fig. U. 


/y j with g. An arrangement of angular perforations 
is shown at k and Z, these being repeated along the 
band or lino; and each “repeat,” as the technical 
phrase is, being separated by some such arrangement 
as at m. Some of the ornaments called “ frets ” afiS^rd 
good illustrations of the eflfect produced by combina* 
tions of straight lines : see Plate XLY., figs. 6 and 8* 
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THE TECHNICAL POINTS CONNECTED WITH 
THE EMPLOTMENT OP POEM AND 
COLODE IN INDUSTEIAL DECOEATION. 

CHAPTER VII. 

Gradation of Form {continue A). 

At conclusion of preceding cliapier wo pointed out 
the truth that it is to Nature the student must go for 
his best lessons. And it is ever to be remembered — 
what, however, by too many is willingly, at least easily 
enough forgotten — that what is good in drawing copies 
and in casts or models is derived from Nature. As 
from Nature, therefore, all good and true artistic in- 
spirations — as expressed in pictures, drawings, or casts 
— come, it is obviously only a common-sense, business- 
like proceeding to go os often os we can to learn, if it 
may be, some lessons wliich will supplement the good, 
if they do not supplant, as it is to be hoped they 
will, the bad or defective teachings of the class, or of 
study and private practice. 

Wo have said in last paragraph but one that the 
effects of gradation are observable more or less 
decidedly in all natural objects, even in those com- 
pai*atively few in which the surfaces are flat. We 
have shown how oven in such flat surfaces this grada- 
tion is pi’ovided for and secured; and the artistic 
j)upil will not 1‘egret if such opportunities as may 
fortunately be within his reacli be availed of to study 
such effects in nature as will bo met with in moun- 
tainous districts and those localities on our island 
coasts where grand and imposing sea-shore and cliff 
effects are to be met with. Let him take the face of 
the flattest of overhanging or perpendicular cliffs which 
frowns over green-gifissed valley or sand-ribbed sea- 
beach, and closely study what he sees on it and from 
it, as he views it at various and varying distances. 
It will go hard indeed, if only he have the faculty of 
seeing, if he does not learn some striking lessons from 
his study : he will at least see the difference between 
some flat surface of man's work — as, for example, 
some railway viaduct or bridge — and the flat sui-face 
which Nature, with her silent and subtle effects, pro- 
duces. Our practical men, who pride themselves on 
being such only and nothing more, are but slow to 
take such lessons as Nature so lavishly affords us ; the 
probability being, however, that many of those same 
practical men have not the remotest conception that 
Nature has lessons which they might with advantage 
learn ; or, if they were told she had, would probably 
pooh-pooh the notion that their woik could in any 
wise lie improved by her. Knowing their work, and 
how they did it, we may say with some degree of 
certainty that if the mediaeval architect — there were no 
railway and other engineers in the dark ages, in many 
things falsely and in gross ignorance so called — had 


had to deal with the spanning of streets with such 
material as the modern railway engineer now deals 
with, they at least would have tried to spare the passers 
by the nightmare of staring ugliness which our work 
so liberally gives us. The mediaeval constructor would 
have shown, if not by variety in form at least by 
effective colour, how such flat surfaces could have 
been so dignified as to be a delight to look at; in 
place of, as they do with us, depressing with their 
bald and staring uniformity of ugly suiface. 

And if this principle or feature of gradation in 
shade and colour gives such an infinite variety and an 
over delightful and delighting charm to natural objects, 
no less a charm is imparted, not only by the feature 
of curvature in form, but the way in which that 
curvatiu’e is gradated or graduated. That curvature 
is an essential characteristic of natural objects is 
obvious to all patient observers of them, to all close 
students of tlieir peculiarities. There is no end to 
the series of valuable lessons which the art student 
will gain by a close and honest inquiry into and 
an examination of the “ subtlety and constancy of 
curvature in all natui'al forms whatsoever.” There 
are, doubtless, examples enough of straight or right 
lines in natural objects, but in many these are only 
“ suggestive, not actual,” and they are all, as one 
great master in art points out, necessary, as ‘‘ without 
them we could not be sensible of the value of the 
continsting curves.” While, therefore, the youthful 
art student must, as part of his preliminary practice, 
learn to diuw curved lines in the widest variety, in 
some such system as he will find most fully illustrated 
in the papers under the head of The Ornamental 
Draughtsman,” ho must go to Nature to learn what 
curvature really is, and to gain from her lessons as 
to strength, originality and purity of expression in 
design. 

In the interests of our youthful art-student readers, 
and for the matter of that for those of some students 
of an older growth, it is scarcely possible to dwell 
overmuch on the importance of studying nature as 
a source of that artistic inspiration, or as forming 
the surest basis or foundation for good work in liigher 
branches, in the importance of beginning at least to 
closely study the minuter objects of nature. This 
must at least be said for, in addition to what we 
have already said of them, — that they are for the most 
part within easy reach of every art student. Neither 
the means nor the time is given to every student 
to study nature in its grandest aspects, by river-bank, 
sea-^ore, or in mountain range. But as the little 
giftMind graces of humanity are within the bestowal 
of those who in “ the huts of poor men lie,” so are 
the minor marvels of nature within the reach of most. 
We have seen what lesson may be obtained from 
the stones of the wayside ; they can be gathered as 
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readily from the grass of the field. Fit only to be 
trodden under foot, nibbled at by the frisky lamb 
or cropt by the patient cow, — not much surely in it 
of lessons for the art student ? No 1 if looked at as 
most of us look at it, without either bestowing a 
thought upon the graciousness of its gifts to man, 
or deeming, indeed, that it is worth at all looking 
at — giving, in truth, no thought whatever to it, save, 
perhaps, that it is soft to walk upon, or in good 
order for a game of lawn tennis, cricket, or croquet. 
Yes ! if looked at with the seeing eye or the eye 
desirous to see. Not much, perhaps, it may be 
thought to show in winter-time, when brushed by cold 
sweeping rains, or covered tenderly with wreaths of 
Jioar frost, but even then as rich in its artistic as 
in its intellectual and moral lessons. But what of it 
when the warm winds of spring and its gentle showers 
have brought upon its blades a fresher green, a love- 
lier tint and hue? and what of it when buttercups 
and daisies, wild anemones and shooting hyacinths or 
bluebells, make it a perfect plain of delight, a veritable 
field of cloth of gold, of silver, of opal, of emerald, 
and of amethyst ? But if in its wide expanse a thing 
thus of beauty to the eye, a joy for ever to the 
pure of mind, the which if an ai*tist could display on 
canvas as it is would give him a place in art which 
no artist, the best who ever lived, has yet occupied, 
it is no less a suggestive field for study when taken 
in detail — all the better, perhaps, studied thus. 
A single clump might be said to be the study of 
a season ; and in truth no season, however long, 
would give ample scope and verge enough to gather 
all its lessons, which have been well said by a keen 
observer to be woik enough for an artistic life. A 
single blade will, indeed, give a few lessons of worth 
to the art student. Not much to look at traly. 

Nothing, as it seems, there of notable goodness or 
beauty ; a very little strength, and a very little 
tallness, and a few delicate long lines ending in a 
point.” Not much to look at, but so much to paint 
or draw, that if our youthful art student could but 
paint it as it is, he, though doing thus a little thing, 
would have high claim to be considered a truly great 
artist. It may well be doubted, indeed, whether any 
painter, living or dead, has ever given us a true 
picture of the lowly and despised grass, “made, as 
it seems, only to be trodden on to-day, and to-morrow 
only to be cast into the oven” or thrown upon the 
dung heap. And yet think of it well,” says one who 
has as keen an eye, a love as warm for the grass of 
the field as for the grander developments of natural 
beauties, “ yet think of it well, and judge whether of 
all gorgeous fiowers that beam in summer air, and 
of all strong and goodly trees, pleasant to 4he eyes 
or good for food — stately palm and pine, strong ash 
and oak, scented citron, burdened vine— ^there be any 


by man so deeply loved, by God so highly graced, 
as that narrow point of feeble green.” Need we say 
that there is but one art critic who has written about 
and seen so much in grass as this and more. The more 
the art student learns to love the things of nature, the 
more clearly he sees in them the evidences of the bene- 
ficence of the great Creator, the higher and the wider 
will be the sources of his art inspirations. The writer 
of these lines is a profound believer in the truth 
that the better a man is, the better an artist he 
will be — always, of course, supposing that he has the 
true artist feeling and capabilities of doing work. 
And that work must be all the more valuable, as 
it would be the more valued, the purer, the nobler 
his thoughts. Impure minds cannot from the very 
nature of things give out pure thoughts and do pure 
work. As the fountain, so the waters which flow 
from it. And if the groat art critic whom we are 
proud to own as a master in the Israel of art had 
done nothing else than to point out, in language 
which is in itself a delight to read — “ tlioughts that 
breathe and words that burn” — the true sources of 
high and noble thought in art, and how best to attain 
to ability and purity in work, the world of art is 
under obligations to him which it will be difiicult 
indeed to repay. It is not so easy for even the best, 
amidst the clash and clang of waning interests, the 
temptations of selfishness and the urging of vanity, 
to keep the banner of our honour unsullied; but 
what it is good for us to be warned, as our great 
authority warns us against, are those evil influences 
surrounding us, which, as numerous as they are 
powerful, are ever urging us to courses in life which, 
in place of making us better men, are but too apt, to 
use his own words, so to act upon us that “ heavenly 
hope may grow faint amidst the full fruition of the 
world ; that selfishness may take place of undemandod 
devotion, compassion be lost in vain-glory, and love 
in dissimulation; that enervation may succeed to 
strength, apathy to patience ; and the noise of jarring 
words and the foulness of dark thoughts to the 
earnest purity of the girded loins and the burning 
lamp.” As we have said, so again wo repeat, wo are 
ambitious for our young students to whom is intrusted 
the art of the future. Art has done much in times 
past, but it may do yet vastly more in the times 
to come, in elevating the tone, ministering to the 
higher intellect, and in nourishing purity of thought 
and earnestness of purpose in the great mass of the 
general public, much of which bos as yet been un- 
touched by the leaven of a higher life. But art can 
only do this when it is itself pure, and the exponent 
of those higher feelings and nobler aspirations without 
which its followers can never do the highest work 
which will exert the influence in the future which 
we have named. 
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the IBOir MAEEE: 

The Details of his Wobk and the Pbinciples of its 
Pbocessks. 

CHAPTER XVII. 

The Wrought Iron Manulsoture.— The Bolling Process. 

A BRIEF explanation of the process of rolling, and 
of the principle upon which it is based, will be useful 
to the young reader here. Rollers, or rolls, are of 
course circular in section, giving the rounded form 
which enables them to be moved or “ rolled” along 
a flat surface with the least possible friction,— hence 
the name ‘‘rollers.” Let him suppose two rollers, 
part of which are shown in fig. 2, Plate CXC., at 
aayhh, to have perfectly flat and level surfaces, m 
that when placed one upon the otlier they will lie 
perfectly parallel to each other. Suppose further 
that the rollers are provided with shafts or spindles 
passing through their centres from end to end, so that 
they can be supported between upright bearings on 
standards or framing, and so that the centre of one, 
as a, fig. 3, Plate CXC., is vertically above the centre 
h of the other. These centres may be so far apart 
that in place of the peripheries or circular surfaces of 
the rollers touching or being closely in contact with each 
other, there may be a distance of say an inch between 
them, as represented by the thick line c c in fig. 2, 
Plate CXC. Thus adjusted, we suppose that a motion 
of i*evolution is given to the rollers, so that they 
revolve or “roll” in the same direction. Let the 
young reader suppose now that he has some cohesive 
plastic material, such as putty, and this in the form 
of a longish flat piece, and of thickness equal say to 
two inches. By presenting this to the rollers a and 5, 
fig. 3, Plate CXC., as at c, those, as they revolve, 
will draw in the fiat piece of putty, and os the space 
left between them has been supposed to be equal to 
one inch, as represented by the thick line c c in fig. 2, 
Plate CXC., the result will be that on the plate of 
putty passing out at the other side of the rolls, as 
at df it will be now reduced in thickness from two 
inches to one inch. And as a necessary consequence 
it will be increased in breadth and in length. By 
having a method of increasing or decreasing the dis- 
tance between the centres a and 6, fig. 3, Plate CXC., 
of the two rollers, it is obvious that the free space 
between them, as represented by the thick line o c in 
fig. 2, Plate CXC., will be increased or decreased at 
pleasure, so that we can have thick or thin plates, 
as desired. The method of adjusting the centres, and 
thus increasing the distance between the rolls, may 
be illustrated by the simple diagram in fig. 3, 
Plate CXC. In this a a represents part of the 
framing in which the bearings of the shafts of the 
rollers are supported; h is the centre of the lower 


roller, which is fixed at a certain point in the h eight 
of the standard a a. The shaft c is carried in a 
movable bearing dd^ which slides up and down on 
the sides of the standard a a, its vertical rise or fall, 
which determines the distance between the centte Of 
shaft 0 and the centre h of lower shaft, being regu- 
lated as desired by the sci’ew e c, which is turned 
round by appropriate means. 

So far for the action of two rollers working 
nearly in contact with and parallel to each other, in 
the production of plane or flat surfaced objects; we 
have now to consider how objects of differing sections, 
as squares, oblongs or parallelograms, circular or other 
sections, may be obtained. Take a cylindrical roller, 
part of which is sliown bX, dd in fig. 2, Plate CXO., 
and cut a groove all round its periphery of the form 
of the rectangle e. Do the same with another roller, 
ff, as at ^ ; place the two rollers parallel to and in 
contact with each other, os at hh^ corresponding to 
ddi and ti, corresponding to //; then the two 
rectangles, e and one in each, will form a square 
aperture, as at j. And if the rollers be made to 
rotate with sufficient power or ‘'grip,” any roughly 
formed bar somewhat like but larger than the square 
j will be pulled through this space and have a section 
given to it precisely of the form and size of this. 

The Wrought Iroa Msnafaotnre.— The Bolling ProcoM 

(continued). 

Returning now to the operations gone through in 
the production of the various forms of commercial 
wrought iron, the next process in sequence after the 
hammering or shingling of the puddled “ ball ” into 
the form of a rough bar, rectangular in section — some 
twenty inches long, and four or five thick — is the 
passing of it through the first series of rollers. These 
are called “ shingling rolls,” from the fact that their 
work follows immediately upon and may be said to 
form part of the shingling or hammering process. 
The rollers, or “ rolls ” as they are more generally 
termed, vary in the section or shape which they give 
to the bar, this varying according to the different 
notions of makers ; but the object in all the arrange- 
ment of the “shingling i-olls” is to reduce the 
“ bloom ” or rough bar of iron produced by the 
shingling or hammering to the form of a flat bar. 
This is of course of varying length, according to the 
size of the “ bloom,” but is in breadth generally some 
four to five inches, and thickness half an inch or 
slightly over. The form or section of the i*olls through 
which the bloom is first passed is such as to promote 
the ^ueezing or compressing action of the rollers in 
conJinBing, so to say, or lessening the size of bloom. 
This compressing action is required in order to com- 
plete the squeezing out of such portions of “cinder” 
as may and generally do remain in the bloom after 
it has passed through the shingling or hammering 
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process. A fom of section which is found to aid 
this squeezing out of the cinder from the bloom is 
shown at a, in £g. 4, Plate CXC. (ante). This form 
is maintained for two or three rolls, each succeeding 
** hole,” so to call it, being, of course, less than the 
preceding. This section is followed by one rectangular 
in section, somewhat like j in fig. 2, Plate OXC., and 
the section of each succeeding roll approaches more 
and more to the oblong form, the length exceeding 
the breadth, till the flat bar of the desired breadth 
and thickness is obtained. The method of arranging 
the different sections in one roll or roller and in one 
frame or standard, and of passing the bloom through 
the sections in succession, from the first to the last or 
final section, will be found illustrated and described 
in a future paragraph. 

The Wrought Iron Uanufaoture.— The Gutting of the Flat 
Shingled Bars into Lengths. 

Although much of the “cinder,” or what would 
popularly be called scales, of which sliowers in the 
form of vivid sparks are forced out by the hammering 
or shingling process, is got rid of, first by this process, 
and second by that of the shingling rolls or rolling, 
still a large amount of impurity is present in the flat 
bars, the product of the last-named operation. While 
its malleability is also increased, this, in the form of 
the shingled flat bars, is still below the degree required 
for constructive purposes — while the general rough- 
ness which the bars present has to bo got rid of — till 
the final product, ready for the market, presents all 
the external and internal characteristics which the 
market demands. A series of operations has there- 
fore yet to be gone through. The first of these is the 
cutting of the shingled bars into short lengths. This, 
in the old works, whei’e the shingling hammer, as in 
fig. 1, Plate OXC., was used, was done by a cutting 
machine, forming part of the shingling hammer 
mechanism. This cutter is illustrated in fig. 6. In 
this a a represents the drum, which, with its project- 
ing lappets, works the tilt hammer already described 
in fig. 1. To the face of this a pin, c, is fixed, and 
projecting from it aflbrds a centre for the eye 
of a link or connecting rod, d. The lower end 
of this is provided with an eye, centred to a pin 
projecting from the face of a lever, e e, working at 
one end of a frame securely fixed to the general 
foundation of the tilt hammer in fig. I, Plate CXC. 
This lever, ee, works within a vertical standard, g, 
forming part of the framing, and carries at its 
extremity, 4, and on its lower edge, a sharp cutting 
steel blade, represented by the dark line. Below it, 
and secured to the framing, another steel cutting 
edge, t, is fixed. As the centre of the pin or steel, c, is 
eccentric to the true centre, 6, of the wiper drum, a a, 
the i^esult of this mechanical arrangement is that a 
reciprocating or up-and-down motion is given to the 


rod or link, d, and a similar motion through it to the 
lever e e, working on the centre, so that an alternate 
closing and shutting of the two jaws, so to say, h and 
t, is produced. A Iwtr, then, which may be intixxiuced 
between the cutting edges, as the edge h, rising in the 
direction of the arrowy*, when it descends as at arrow 
k will be cut or divided into two by its being forced 
up against the lower cutting edge, i. Various forms 
of bar cutters are used. But the best and most 
recently introduced bar cutter is on the principle 
of the circular saw, used almost exclusively in our 
large steel works, for cutting the great lengths of 
steel i-ails, made by the new methods of working, into 
the shorter lengths demanded for railway purposes. 
This sjiw is a steel disc, with plain — not serrated — 
cutting edge or periphery of large diameter, and made 
to revolve at a gi*eat velocity. The bars to be cut 
are laid in a stand close to the ground, and by a 
peculiarly ingenious arrangement the steel circular 
saw is brought up to the bar, and, revolving at a very 
high velocity, cuts it in a second or two. 8o quickly 
is the work performed that the eye has a difiiculty 
to see the cutting done, this being almost literally 
instantaneous. While the cutting is being done, a 
stream of cold water passes over the bar. This is 
also the case when the simpler cutting apparatus is 
employed to cut the shingled bars. 

The Wrought Iron Manufacture. — Piling’’ of the Cut Bare 
— The Ee-heating Furnace. 

The cut bars, in length about twelve inches, are taken 
and placed together, so as to form what is technically 
called a “ pile,” as in fig. 5, Plate CXC., the number 
of flat bars varying according to the size of the finished 
bar required. These “ piles ” are taken and placed in 
a furnace, termed the “ re-heating,” sometimes the 
“ mill furnace.” This in arrangement is very similar to 
the puddling furnace, as will be seen from the diagram 
of it given in fig. 7, Plate CXC., comparing it with 
that in fig 6, Plate CLXXXIII. In fig. 7, Plate 
CXC., a shows the position of fire bars in which the 
fuel is consumed to give the high welding temperature 
required. The fuel (coal) is supplied by the door at 
end, as shown; o o is the hearth or floor of the furnace 
in which the “ piles ” ore placed to be brought to a 
white or welding heat, these being introduced into the 
interior • by the door or opening d ; the furnace roof 
is at e e, / l>eing the flue leading to the stack or 
chimney. 

The Wrought Iron Hanufhoture.— The Be-heatisg Fumaoe 
Operation. 

The proper heating of the piles in the re-heating 
furnace requires the exercise of considerable skill and 
great carefulness of adjustment of his work on the 
part of the workman, who is not called, as one would 
suppose, a piler, but a “faller.” For if the piles 
are allowed to remain longer in the furnace than is 
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absolutely necessary to bring the iron to its proper 
degree of welding heat, it is burnt — that is, actually 
condensed or oxidised, so tliat a large actual loss of 
material is occasioned. And failing the over-heating 
reaching this stage, any lesser degree brings about a 
proportionate loss, in a deteriorated or lower value in the 
quality of the iron, Situated as the process of “piling,** 
with its succeeding work of falling, is between two other 
l)rocesses, that which precedes and that which follows 
it, the “ faller,** in order to prevent the losses above 
stated, must arrange his work so as to meet the supply 
of his piles, which come from the shingling rods and 
cutters, so that he will in time be able to meet the 
demand of the workmen who follow him, engaged 
in the process of finishing rolling. And while the 
management of his work as a whole has thus to 
engage his attention, that of the individual piles no 
loss calls for his careful skill. Each pile, as it is 
i)repared at the cutter, is taken and deposited, by 
means of a sliovel-liko tool, on the bench cc, fig 7, 
Plate CXC., the floor or surface of which is finished 
oft' witli a bed of sand on wliich the piles lie. This 
depositing of the piles in the furnace requires to be 
done with great care, so as not to disturb the arrange- 
ment of its plates or bars. For it is obvious that the 
object of uniform heating of the whole would not bo 
gained, were the plates so disturbed that some would 
project beyond otliers. Projecting j^arts thus formed 
would, indeed, be not only more rapidly heated, being 
thinner than the general bulk of the pile, but with 
the intense heat of the furnace would actually be 
consumed or burned away ; so that a direct loss of 
material would be the result of careless handling of 
the moss of each pile. We have said that the piles 
vary in bulk according to tlie finished size of the l)ar 
or bloom required. And although the furnace is 
supplied for the time being with piles of a uniform 
size, so as to work oflT a lot of uniform bars, it by 
110 means follows that the heating of any one pile will 
take the same time as another. The nature of the 
process of furnace heating by coal precludes“the possi- 
bility of securing the uniform heating of all tho piles. 
As, therefore, one pile will be ready for the next 
process before another, and as we have seen that a 
pile when ready should be withdrawn from the fur- 
nace, or loss of metal or deterioration of its quality 
will be the result, the greatest watchfulness of the 
workman is demanded, so that he will be able to see 
the condition in which all the piles in his furnace 
are. 

Wrought Iron Manufacture.— Bolling Prooeiiof— The 
Boughing Bolls. 

We have now brought the manufacture of wrought 
iron to the point where the pile of shingled bars is 
heated in the reheating furnace. On being brought 
to the proper degree of heat, the piles are taken out and 


passed through a series of rolling mills, which give the 
iron the various forms and dimensions of bar iron-» 
square and flat — ^and of cylindrical rods, technically 
called bolts. To meet the requirements of the market 
a great number of different formed and sized rolls 
have to be kept in stock, demanding a large outlay of 
capital. The rolls or rolling mills are divided into two 
cLisses — tho “ roughing ’* and “ finishing.’* They are, 
in principle of working and construction, precisely 
the same; the only practical difference being that 
the “ roughing rolls ” give sections larger than the 
sections which have to be sent into the maikot in the 
finished condition, the smaller-sized sections being 
given in what are hence called the “finishing** rolls 
or rolling mills. We have seen how the sections 
required are given to the rollers by cutting grooves, 
as e y, fig. 2, Plate CXC., which give, when the 
rollers are placed near each other, a square section. 
Tho square section is in pmctice, however, obtained 
by cutting tho groove diagonally, each roller, as q 
and r, fig. 4, thus giving the position to the bar known 
as the diagonal square, os at p. There is a sot or series 
of such grooves in each “rolling mill**; beginning 
at one end with tho largest and ending with the 
smallest sized section. This is illustrated in the dia- 
gram A in fig. 1, Plate CCXII., wliich will give a 
fair idea of the general arrangement and construction 
of a rolling mill, the diagram representing one for 
making “ bolts ** or cylindrical rods. The rollers 
a a, h hf are placed l)etween standards or upright 
frames c c, d d, of great strength, and firmly bniced 
together and bolted to a strong foundation. 
are the shafts, and gli the cog or toothed wheels 
by which motion is communicated to the rollers. 
This motion is in the same direction in each, os 
shown by the arrows a, 6, in fig. 2, Plato CCXIII.; 
that is, both revolve towards the centre lino, as c, 
so that the bar of iron presented, as at c, is drawn 
in and passed through between them to the other 
or opposite side, as d. This involves a motion of the 
two rollers — the upper, for example, as e, revolving 
from the right to the left, represented by arrow g\ 
the lower roller, os revolving in the opposite 
direction, or from the left to the right, represented by 
arrow A. This motion is always continuous in general 
mills. 

From this the reader will perceive a result in the 
practical rolling of bars which is a great loss of time. 
Let us suppose that fig. 2, Plate OCXII., are 

two rollers, giving the sections as shown in the dark 
parts. Let kkhe the plan of the set, as looking ver- 
ti^hy down upon 1 1 , only of the roUs, as 

i i, being seen, as at k k. We have said that the 
motion of the rolls is always continuously carried on 
in the same direction, as at e /• Suppose that the bar 
is passed through the section t in plan in the direo- 
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tion of arrow m, it comes out on the other side, as 
at w. The quickest way to continue the rolling would 
obviously be to pass it through the next section or roll, 
as 0 — in plan o' — on the same side as n — that is, in the 
direction of the arrow p. But remembering that tlie 
motion of revolution of the rollers is continuous, in the 
same direction as that passed through it from side m 
to side Tiy the rollers represented in section at q and 
r, cannot possibly have any ‘‘ grip ” upon the plate. 
The very opposite of this, for they fly away from each 
other, so to say, as shown by the arrows 8 and 
in place of approaching each other, as at u and Vy 
towards w. And it is only by successive points in 
the peripheries of the rollers approaching each other 
towards the centre that the grip and consequent 
binding-in power of the rollers is obtained. In 
rolling mills, as generally constructed, all the “ grip 
is on one side of the mill, as on the side m x ; all the 
loosening of this on the opposite side, as np. 

The way in which, in practice, this difficulty is over- 
come, is this. On being passed by one sot of men 
through from side m (see fig. 2, Plate CCXll.) to 
side n, the bar is taken up by another set at the side 
and tossed or passed over to the first set on the 
sidem. Tlie bar is then passed through — in direction 
X — the section next in succession, as o, to p, from which 
side it is again returned to side m, and passed through 
the next hole at y. It thus results practically that 
as much time is taken up in passing the bars from 
side p n to side x m as that taken up in the rolling 
or passing through the mill from side x m to side 
n. 

This method of returning the bars from the loose 
or relieving side, st, fig. 2, to the gripping side, as sv, 
of the rollers is laborious and costly enough in the 
case of the ordinary bars of commerce, or what is 
called common wrought iron. But as construction 
has improved, and with the manufacture of iron, and 
especially of steel, has improved in like or nearly as 
great proportion, it results that bars of larger section 
and of greater length and weight have to bo made ; 
to which the power of hand labour in returning them 
from one side of the mill to the other is not at all 
applicable. Various systems of working have been 
introduced from time to time, by which the bars, etc., 
have been lifted up and passed over from one side 
to the other by mechanical means. By far the 
simplest and most effective system, however, is that 
used in the steel manufacture, in which rails of 
such enormous length— often 150 ft. long — are rolled 
out of a single “ingot” of mild “Bessemer” or 
“Siemens” steel, where no system of returning by 
hand labour could possibly be employed. This system 
is having reversing steam engines as the motive 
pow er for working the rolls, and of these the reversing 


gear is now so admirably made that the motion cf 
the rolls can be changed almost instantaneously. This 
rail-making — the material being almost always now 
mild steel — has become one of the most important 
departments of the trade. Tlio section of the rolls 
is arranged on the principle shown at i i, jj^ fig. 2, 
Plate CCXll., two sizes being shown at vnno^ jkl 
in fig. 4, Plato CXC. To the improvoinent of the 
rolling mill groat attention has been paid by machin- 
ists, and very numerous are the forma and different 
details of arrangement and construction wljich have 
been introduced, llolling mills are made usually 
with two rollers in the one frame; these are techni(!ji11y 
called “ two-high ” rolls or mills. The other modifi- 
cation is termed a “ three- high ” mill: in this throe 
rollers are fixed in one frame. Fig. 1, Plate CCXll., 
is a “ two-high.” 

Wo give in fig. 3, Plate CCXIII., front elevation, 
and in fig. 4, same Plato, cross-section, of rolling mills 
used at the Dowlais iron works, in Wales. In a 
paper read before the Institution of Mechanical 
Engineers, the late Mr. William Menelaus, one of 
our most celebrated modern authorities on the iron 
manufacture, and manager of the celebrated iron 
works here named, has the following remarks in 
connection witli tliese rolling mills — the drawings of 
which here given are enlarged copies, scale being 
one twenty-fifth of full size. “It has been long fell, 
that the power of rolling wrought iron of largo 
section and of great lengths has not kept pace with 
the requirements of engineers, wdio aro hampered in 
their designs by the impossibility of obtaining iron 
of sufficient dimensions. For engineering works of 
any magnitude, bars of great length, considerable 
width and moderate thickness aro frequently required. 
In the ordinary modo of rolling tlie length and width 
of the bar are measured by tlie power of the engine 
and the time occupied in rolling. Jt is obvious that 
to finish a bar quickly it is necessary tliat it should 
be rolled in two directions (see our remarks on this 
point in a pi-eccding paragraph), to prevent delay; 
and long and heavy bars can be thus 2Y)lled only by 
an engine of enormous power ... A simple arrange- 
ment of rolls for working in two directions is shown 
in figs. .3 and 4, Plate CCXll. The lower pair of 
rolls, p, is driven from the fly-wheel shaft, and under 
ordinary circumstances will be worked in the usual 
manner ; I’olling the bai’S in one direction and lifting 
tliom over the top rail in coming back. When it is 
necessary to make extra sized bars, the rolls r r will 
be put in the standaids and driven from the fly-wheel 
shaft by a pair of wheels ” (««, fig. 2, Plato CCXL.). 
Since the date of the paper in which these remarks 
were given, it is but right to state that gi'eat im- 
provements have been made in rolling machinery. 
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His Wobk in the Con8teuc?tion of the Figubes 
AND Pboblemb op Planb Geometby, Ubeful in 
Technical Wobk. 

CHAFTER XVIII. 

Continuing our description of the method of describing 
the ellipse known as the “gardenersV* we have to 
point out that the line made by the pin or stake 
will form the curve of the ellipse as it is moved 
round first above the line a b, then below it, till the 
point h is returned to. By means of this diagram, 
and the method of drawing it, we can understand 
the exact definition of the ellipse — namely, that it is 
a curve made in such a way that the sum of the 
distances from each point on the curve to two points, 
as / and g, witliin tho curve, is always the same. The 
curve is called the perimeter of the ellipse ; the two 
points / and g the foci ; the longest line within it, as 
a h, the major axis ” or the “ transverse diameter ” ; 
the shortest line, at right angles to this, c d, the 
minor axis’^ or conjugate diameter.’^ 

Trammel for deieribing Elliptical Onrves. 

Elliptical curves on the small scale required by the 
draughtsman may be obtained by the method last 
described ; but a much more convenient appliance or 
apparatus is used, known as the trammel.** This is 
illustrated in elevation in fig. 1, Plate COXXV., 
and in plan in fig. 2, same Plate. As shown in the 
elevation, fig. 1, the long beam has a pencil or drawing 
point, a a, at one of its extremities, and two studs or 
vertical pieces, bb, oc, capable of moving along the 
length of the beam in any desired position by the 
screws. These pillars or studs are each furnished 
on their lower part with a pointed pin, intended to 
enter into and move in grooves formed in a metal 
cross, SLB abed, fig. 2, Plate CCXXV. This cross is 
at right angles, furnished below with very fine points 
made to fix it upon the paper, which has to be done 
in such a way that the grooves are in the direction 
of the two axes, and their point of intersection, 
a e, above the point of meeting of these same 
axes. In fig. 2, Plate CCXXV., //is the beam 
corresponding to beam (fig. 1), g h the two pillars (b c 
in fig. 1), and i the pencil or penholder corresponding 
to a a in fig. 1. When we wish to draw an ellipse 
with this instrument, we first fix the point or pin of 
the pillar b b, fig. 1, Plate CCXXV., in such a way 
that the distance from the point e to the point of the 
pencil a a, ot to the drawing pen, may be equal to the 
half of the minor axis. We also the point /of 
the second pillar c o in such a way that its distance 
to the point to be drawn may be equal to the half of 
the major axis. This done, we place the point h, 
fig. 2, Plate CCXXV., in the groove corresponding 
to the major axis, and the point g in that cor- 


responding to the minor one. To draw the curve 
we pass tho point of the pencil or of the drawing 
pen right over the paper round the cross, taking 
care that in passing round the points e and /, fig. ] , 
do not get out of the groove. 

Deioribing the Curve of an Ellipie by Means of a 
Straight-edge. 

In the last paragraph but one we have described 
the method employed for describing the curve of an 
ellipse on a large scale, and usually termed the 
‘‘gardeners* ellipse,*' and in the last paragraph the 
method of describing ellipses by means of the instru- 
ment called a “ trammel." In fig. 3, Plate CCXXV., 
we give a method of finding a series of points by 
means of a piece of stiff cardboard or the edge of 
a set- square. Let abed bo the two diameters, and 
12 3 4 part of a strip of stiff cardboard. Mark off 
on the edge of this a distance from the point h to j, 
equal to the half of the transverse diameter or the 
distance ae, the other distance, as^ i, being equal to 
half of the conjugate diameter, or equal to e d. By 
always keeping the points h and i connected with 
or in contact with the two diameters, and by moving 
the cardboard from position to position in these 
diameters, turning round, as it were, from one side, 
as the side to the left of od, to the other or right, the 
point j will obviously be moved round from left to 
right ; and if the position of j be transferred to the 
paper by a pencil mark or dot, a series of points will 
be obtained, as at j, r, o and 8, through which one- 
half of the curve may be drawn by hand. The more 
numerous these points are the better. Thus, the 
point h is on the conjugate diameter c d, the point i 
is on the transverse diameter a b, giving the point j, 
as a point in the curve. Another point, as o, in the 
curve is obtained by moving the card 1 2 3 4 till the 
point h is coincident with the point m and the point 
i with tho point n. Another point, as p, is obtained 
by moving the card 1 2 3 4 till the point h coincides 
with the point u in the diameter c d, and the point t 
with the point h in the diameter a b. Still another 
point, as q, is obtained by moving the card 12 3 4 
till the point h coincides with the point u on e e, 
and the point i with i on e a. Thus, by continually 
changing the position of the cardboard, as 1 2 3 4, 
the points i, h, being always on the two diameters, a 
series of points will be obtained through which the 
curve may be drawn by hand. 

A Point being given whioh liei in the Curve of an SUipso, 
to find other Point! to Complete it. 

Ipke two diameters of an ellipse being given, to 
find the foci. Let a b, fig. 3, Plate OOXXV., be 
the transverse diameter or major axis, and o d the 
conjugate diameter or minor axis. With half of the 
transverse diameter a b, or equal to a s, from the 
point d of the conjugate diameter describe an arc 
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fg^ cutting a 5 in / and which are the two fod. 
All lines proceeding from the foci and joining the 
curve of the ellipse, as the line f p from the focus 
/, are called “ vectors.” 

If a point be given which lies in the curve of an 
ellipse, and this in direct relation to one of its 
diameters, as the point h in fig. 98, to the transverse 
diameter or major axis, a c, the curve may be 
finished by finding the other diameter, q r, and using 
these two diameters in any of the methods already 
described by which to find the number of points 
through which the complete curve is required to be 
drawn. To find the distance, as ft <7 or ft r — that is, 
half the conjugate diameter — let ac be the given 
major axis, or transverse diameter, h, k orn being one 
point in the curve also given. From the point h or 
k or n draw lines paiallel to the given diameter a c, 
and from same point lines as hj, k I, n 0 , perpendicular 
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to those lines. From the point J, bisecting ac, as 
centre, with ft a as radius, or ftc, describe an arc 
cutting hj or kl orno m the pointy or I or 0 , From 
the point j or I or 0 draw a line — or lines — to the 
point ft. Where this line cuts the line in the 
point j will give the distance, as ft ?*, equal to half, as 
ft qy of the conjugate diameter, which will thus be q r. 
The distances ft /), ft m, are also equal to hq or ft r, 
should i or n be the given points. The reader will 
observe that one of the methods of finding the points 
of an ellipse is based upon this problem. 

The method just given is of course applicable to 
the case in which the minor or conjugate axis is 
given, along with one point in the curve of its ellipse, 
but with a slight modification. Thus assume q r, 
fig. 98, to be the conjugate diameter, bisected in point ft, 
and s to be the given point in the curve. Draw from 
0 a linei as su, parallel to the diameter qr, and 
perpendicular to it, 0 1. With half of qr, as hq or 


hr, as radius, and from ft as a centre, describe an 
arc, as u, cutting stia point v. From point ft draw 
through V a line which, extended, cuts the line a m in 
the point u. The distance ft w is the half of the trans- 
verse diameter or major axis of the ellipse required. 

Drawing the Curves of Ellipies through Points found by 
Intersecting Lines. 

We now come to that class of problems or con- 
structions connected with the ellipse in which points 
in its curves are found by means of lines intersecting 
one another, as illustrated in fig. 5, Plate CCXVIII. 
In this the major axis or transverse diameter is a ft, 
the conjugate diameter or minor axis cd. At the 
points a, ft, c, d, lines are drawn parallel to a ft, cd, 
forming a rectangle, efgh, of which there are four 
subdivisions, each of which is also a rectangle, as 
aice. Each of these subdivisions contains one-fourth 
of the complete curve forming the ellipse. The 
principle of this method is shown in the figure. The 
accuracy of the curve depends upon the care t^ken 
in dividing the sides and in drawing the linos through 
tho points of division. In this method the four 
quarters of tho rectangle each contain one-fourth of 
the curve. This passes through points obtained by 
the intersection of lines. Those lines are thus 
obtained. The parts of the sides of the rectangle, or 
the fourth part of this, as tho lengths ce, ac, are 
each divided into the same number of equal parts — 
say seven, as in the diagram. From the points of 
division in each lines are drawn to the point of rectangle 
opposite, as those on the line c e converge to the point 
a ; while the lines drawn from the points on the line 
a e converge to the opposite point c. The intersection 
of these lines gives a series of points, and it is througli 
these points that the CTU*ve of the ellipse passes. The 
junction of these points, or in other words the line 
which passes through these points, is drawn by hand ; 
or the “ set curve ” may bo used. The more numerous 
the points of division in the lines, aa a e, ec, the more 
numerous are the points through which the curve 
passes. And the more numerous those points, the more 
accurate will the curve be and the easier will it be 
drawn by hand. For if very near each other, the line 
or curve joining this will be in effect short straight 
lines — easily drawn ; whereas, if the points through 
which the curve is to be drawn are widely sepai-ated — 
and this will be the case if the lines, as ce, e a, are 
divided into few parts — the line joining any two 
points will be long, and as this line must be curved^ 
it will consequently be more difiicult for the draughts- 
man to draw the curve accurately than it would be 
to draw a short and a straight or nearly a straight 
line. Another point the draughtsman must be careful 
in — namely, the numbering of the divisions on the 
lines, as ae, ee. Unless they be numbered the 
draughtsman will be apt, at first use of this method, 
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to get confused as to the lines intersecting which give 
the points; but if numbered this will be avoided. 
Care must be taken to number them in correct 
relation to each other, for it is the intersection of 
** No. 1 ” line on a e with “ No. 1 ” line on e c which 
gives the first point, No. 2 with No. 2 which gives 
the second point, and so on. To secure the easy 
reading off” of the points, the number must be 
placed as in the drawing — that is, the point 1 on line 
a 6 is nearest the point 6 on line e c, and so on. 

In fig. 6, Plate CCXYIII., we give another illus- 
tration of the method of drawing the elliptic curve by 
this method of intersecting lines. Draw the two 
axes intersecting each other perpendicularly through 
the middle, as ad, cd, in point 3. Divide them 
each into five equal parts, and set off on each side 
of an axis, on its prolongation, one of the five parts. 
Thus, with one of the parts into which a h has been 
divided, set off on the prolonged diameters or axes, 
from the extremities of these, as from points ah, cd, 
to the points f,g,h,i. Join these, and wo obtain 
the rhombus or diagonal square or lozenge—;/* g h i. 
Proceed then as in the foregoing illustration, fig. 5, 
same plate, by dividing each of the sides of this lozenge 
into an even number of equal parts, greater in number 
in proportion as wo wish. 

In fig. 1, Plate CCXXXIII., we give anobher method 
of finding the points of an ellipse by intersecting lines. 
Let ah, cd, be the two diameters, intersecting in the 
point e. Through ahed draw linos at right angles 
to each other, and intersecting at the points f, g, k, i, 
and forming a rectangle. Divide the sides, af, hi, 
and the semi-transverse diameters, ae, eh, each into 
the same number of corresponding parts, and number 
them with relation to each other, as shown. Then 
through the points on tho semi-transverse diameter, 
as e, h, draw from the points c and d linos of indefinite 
length, as showm, and from the same points, c and d, 
lines through the points in the lines hi, h h. Care 
must bo taken to number tho points exactly as shown 
— tho first point (1) on he, being next the first point 
(1) on the line h i — so that the intersecting lines will 
be correspondent. The jioints of intersection will give 
a series of points, as J, ^•, /, w, w, through which the 
curve may be drawn by hand. 

Fig. 2, Plate CCXXXIII., shows another method 
of finding the curve of a semi-ellipse by means of 
points. Let a 6 be half of the conjugate diameter, 
c a half of the transverse. Produce 6 a indefinitely 
towards d, and make a d equal to a 6. Divide a o into 
any number of equal parts, as five, and through these 
draw lines from tho point c\ Divide now the side c d — 
found by drawing ed, hd, parallel to 6 a, a c, cutting in 
the point d — into the same number of equal parts as a c 
is divided into. Through these points, from point 6, 


draw lines. The intersection of the correspondingly 
numbered lines will give points as shown. Thus, point c 
is got by the line from point 4 in a c cutting the line 
through point 4 on cd, and so on. The other part of 
the semi-ellipse can be found in the same way ; but 
the points e,f, g, h, can bo transferred to the other side 
of a 6 by drawing the ordinates parallel to a c — and 
then setting off the distances, as 6 A to i, g to k, and 
so on. Fig. 4, Plate CCXXV., is tho same method, 
illustrating a semi-ellipse upon a canted or oblique 
line, as 6 a. Fig. 3, Plate CCXXXIII., is a canted 
segment, the height of which is 6 c. The point of the 
full semi-ellipse transverse diameter is at c, so that 
to find the point c, 6 c is to be made equal to 6 e. 
The young draughstman will observe the peculiarity 
of the curve of canted elliptical figures, the character 
of the curve being different at the right-hand side 
from that at the left. 

Difference between the Figure known ae the Ellipse’’ and 
that known as the “ Oval ” — Methods of describing the 
Oval. 

There is an essential difference between these two 
terms. Tlie oval is a term derived from tbe Latin 
word ovum, an egg, whicdi in some instances presents 
a form closely resembling the true ellipse, the ends of 
which are precisely similar. The egg, however, is 
perhaps much more frequently met with as presenting 
one end of smaller size or dimensions than tho other ; 
and from this peculiarity tho French geometriciil 
draughtsmen have derived a figure to which they 
have given tho name of tho ove,” or more generally 
the “ ovale.*^ From this word it is easy to understand 
how our term “ oval ” has been obtained. An oval,” 
then, is a curve which, as its name indicates, has the 
form of an egg. It is an ellipsis, one end of which 
is wider than the other. We may consider this 
figure as the half of an ellipsis according to its small 
axis, joined to a semicircle, which would have as 
diameter this small axis. Wo may thus describe the 
half-ellipsis by three arcs of circle, two of which are 
equal. For this let a h, fig. 4, Plate CCXXXIII., 
be the minor axis of the oval, and d e the major axis. 
There are vaiious ways of describing the outline of 
the ovale or ‘‘ egg-shaped ” figure, some of which we 
now illustiute. In fig. 4, Plate CCXXXIII., let a h 
be tho diameter of the upper part of the egg ; bisect 
this in the point c, and at right angles to a h, through 
c, draw the line d e ; from the points a and 6 as 
centres, with the distance a 6 as radius, describe arcs 
cut^g in the point e. According as the lower part 
of TOO egg is desired to be moi e or less pointed or 
sharp, assume any point, as /, near to or farther from 
the point c. This will be the centre of the arc, giving 
curves a c, 6 c. 
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MACHINIST. 

Bpboial Examples of his Work— Its Leading Tech- 
nical Principles and Details. 


CHAPTER X. 

While the truth of the position referred to at the 
conclusion of last chapter is admitted on all sides, it Ls.no 
less a truth, although of course in an obviously limited 
sense, as regards what are considered to bo and are 
practically established branches of work. And yet 
we must not fail, as a matter of duty, to point out to 
the youthful technical reader that there are some 
who maintain what may be called the finality 
doctrine,” that in ceiiain branches of work perfection 
has been attained, or at least that degree of it 
which the branches are capable of receiving, or the 
ability to design and the skill to construct of man 
are capable of giving. Fortunately for the future 
of the profession, those who maintain this view are 
not many; but it is all the more from a practical 
point of view to bo regretted that of those few some 
at least are in positions where, if their personal 
influence be not directly great, tliey still possess but 
too potent powers of popular and extended difFuionof 
their opinions. And it will be of some practical value 
to our youthful readers if we give but one example 
of this finality doctrine of perfection in mechaniail 
engineering work. It has appeared to certain 
authorities connected with a public body that in 
the branch of mechanical engineering connected with 
the steam engine at least a certain degree of per- 
fection has been attained — the point of perfection 
dating from the period some few years ago. Kow, 
whether since that period there has been any improve- 
ment in steam engine work and working, we leave 
such of our readers as may have been practically 
connected with the profession to say. Assuredly 
since then something, we might say a good deiil in 
the way of work, at least has been done, although 
that work, such as it is, may not coincide with the 
lines of those authorities above referred to, by which 
“perfection” is in this view limited, so that, ac- 
cording to them, what has been done has constituted 
no improvement. But we go much fui^ther than this, 
for the point involved is, we feel assured, one of the 
most vital importance to the profession. We there* 
fore appeal with some degree of confidence to 
mechanical engineers, who know the subject of steam- 
engine work, to say if it be not true that, so far from 
the stage of finality or “perfection” having been 
reached in the steam engine, if it be not, as compared 
with other forms of prime movers, the most wasteful, 
it certainly is not the most economical. In making 
this statement we do not appeal to the few who 
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hold isolated and extreme views, but to the wider 
body of those engineers, who from the extent of their 
experience and the accuracy of their views really 
have a claim to be classed as authorities on this great 
subject. We might, if space permitted, give detailed 
points showing how very defective a prime motor 
even the modern steam engine is, in respect of giving 
a high ratio of eflective work for •the amount of fuel 
it consumes. Wo content ourselves here with the 
simple statement of the fact, as now given ; and with 
this further illustration of the point under con- 
sideration — which to some of our youthful readers 
may appear as striking enough — namely, that the 
steam engine even now is very much the same as 
when it left tlie hands of James Watt, its great in- 
ventor. In principle it is precisely the same, in details 
of arrangement and construction almost identical ; for 
so thoroughly luul Watt grasped the subject, and by a 
singular provision of mechanical intellect (if tlie some- 
what paradoxical expression can be allowed) seemed to 
have so anticipated coming events, that he left com- 
paratively little for his successors to do. What, 
indeed, they have done has been done to a large 
extent — almost exclusively, as it might with some 
truth be said, in the direction of giving more perfect 
workmanship — that is, displaying a, much higher 
range of mechanical skill in constructive details tlian 
in designing certain new but limited modes of working ; 
more this than in initiating any new principles of 
action. 

The machine maker, no less than the technical 
student, may rest assured, therefore, that the field in 
which ho has to exercise his powers of observation 
is still wide enough, despite the opinions of those who 
hold that in some departments finality of cflect has 
boon reached — a statement which is the best possible 
proof that those who hold it have not exercised tlicii 
powers of observation to any great practical purpose. 
For knowledge, to a very large extent at least, if it 
be not wholly, is simply tlio fruit of storing up the 
results of things observed. And this knowledge is 
valuable just in proportion to the accuracy with which 
observation lias been made ; so that things noted have 
been noted as they are, not merely as they appear 
to be. For this must be here rigidly taken into 
accouiit by the technical student, — that what one may 
call knowledge may be worthless for all practically 
useful purposes, simply because it is not accurate. 
For one can learn or become acquainted with or 
observe what is not good as easily, in point of fact 
sometimes much more easily, than what is good. It 
is a mistake pregnant with practical evils which 
many young minds hold, that knowledge, simply 
because this name is given to it, must be good, 
without any reference as to what this so-called 
knowledge really is. Observation, then, clearly 
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demands, if it is to be worth anything at all to 
the student, that it shall be composed of two things : 
first, that the observation be guided in a right 
direction — that is, to subjects and things clearly 
bearing on his work : it is therefore absurd to direct 
one’s attention, to use a familiar illustration, to 
apples, when it is wheat one wishes to know about. 
The second point demanded is that the subject be 
observed correctly or accurately. 

Value of Habita of Obiervation. 

This accurate seeing of things — that is, as they 
actually are, not as the mind conceives them to be — 
is absolutely essential to decided success in mechanical 
design and work. The importance of the considera- 
tions noted in preceding paragraph cannot possibly 
be overestimated ; they lie at the root of all success 
in mechanical work. And this faculty of accurate 
observation, like the memory, is capable of cultiva- 
tion ; and this cannot be too early begun, nor too 
closely and honestly carried on. The modes in which 
this faculty can be promoted and displayed might 
be numerously cited here, for they are almost as 
endless as are its objects. But numerous illustrations 
are not necessary. Two young mechanics — and the 
illustration may well apply to many of older growth 
— are supposed to be examining a machine as that 
from which something useful may be learned, or 
for some more directly applied information of utility 
in their daily work. The examination is concluded, 
and at an after examination of what they have ‘‘ seen,” 
or what they have “looked” at, it is found that — say 
with respect to a particular movement or motion — 
the sketches and the description alike of one are quite 
different from those of the other. It is obvious that 
both cannot be the true exposition and explanation 
of what actually existed, or was canaed out, in the 
machine itself. It is quite possible, of course, that 
both may be wrong; but if one does turn out to be 
right, it may, with the most absolute accuracy of 
statement, be said that it is the exposition of the one 
who not only looked at the movement or motion, but 
who actually saw it, or, as we should say, truly observed 
it — that is, had an intelligent comprehension of what 
actually did exist in the machine itself. The other, 
whose exposition was wrong, might not lack the 
power very intelligently to explain what he thought 
he saw — might, in fact, have sketched out a movement 
or motion which might work well enough, only that 
it would not be that motion which he thought he 
saw, and persisted in stating that he saw, till, on 
being brought face to face with it, he was convinced 
he had not seen. In the one case there had been 
accurate observation, in the other a lack of it. We 
can even suppose that while one had a certain part 
in his sketch-book or in his mind, the other persistently 


maintained that the machine itself had no such part, 
the truth being that he must have looked at it in the 
popular sense of the term “seen it,” the not doing 
that being simply an impossibility if he had looked 
at it at all. But he had not in the true sense of the 
term seen it, for of it his mind had taken no account. 
He had only seen, in fact, what his eye had brought 
with it the power to see, and that power was the 
exercise of his mind or mental faculties, brought 
to bear upon the physical act of looking by the eye. 
This faculty of truly seeing is possessed by some, so 
to say, naturally in a very remarkable degree. Of 
such so gifted we say, in reference to his understanding 
or comprehending thoroughly the characteristics of on 
object, “ he took it in at a glance.” 

Now this popular expression, unlike many other 
expressions or phrases which are often vague, inde- 
terminate, and paradoxical, conveys an absolutely 
sound and valuable truth. The character of the object 
or nature is really “ taken in ” by the mind of an 
acute and quick observer. He does not merely look 
at physically, but makes his own mentally, what 
belongs to the object ; he thus takes in and absorbs 
mentally all he requires lo know about it. Those 
who are gifted in this way, other things being equal, 
make mechanics of the first order, for they can, and 
do, adapt the same faculty to their own mentally 
conceived designs. In designing they seem to see at 
a glance — to use the only expression open to us — all 
the peculiarities of the design, and how its require- 
ments can be met, so that what to others opens up 
but what appears to be interminable difficulties, is to 
them a comparatively easy task. 

But this faculty of correctly looking at or taking 
in the characteristics of objects at a glance, at least 
quickly or surely, if not as it were naturally given to 
one, can assuredly be cultivated, as much so as the 
memory. We are quite aware that some hold that if 
one has not a good memory naturally, it cannot be 
acquired. There are many who can give this but too 
popular notion a clear and decided contradiction by 
the simple facts of their own experience. To any one 
of our readers who at present is not in the possession 
of what is called a good memory, we «an, from what 
we know on the subject, give him with all confidence 
this comforting advice: Try honestly and anxiously 
to cultivate — that is, improve — ^your memory, and this 
not by fits and starts, but continually, patiently, and, 
above all, persistently and for a length of time, and 
you will be certain to succeed. And as with memory 
so wi^ the faculty of accurate obseiwation. Do not 
aim dr getting all at once— -or thinking you have got 
it — the faculty we have alluded to of “ taking it all in 
at a glance.” Be content with, or rather aim at, 
getting the faulty cultivated by slow degrees; you 
will be thus ail the surer to get it. 



THE CABINET MAKER, 


255 


THE CABINET UAEEE. 

Thb Tbohbioal Details, akd the Pbihoipleb atfectino 
THE Design of his Wobk. 

CHAPTER V, 

Refebbihg to defective work and design at the end 
of last chapter, we showed how these arose from lack 
of thought. The same carelessness runs through nearly 
every department of furniture fittings, fixed ormovable. 
How many fingers have been cut or hands chafed by 
that highly ingenious contrivance known as a window- 
blind rack ! — ^although designer and workman would, 
if they thought at all about it, see that the hand must 
frequently, with every care, come down in contact 
with the rack in pulling up or letting down the 
blind. Yet the corners and edges are sometimes, if 
not always, made so sharp that they seem purposely 
designed to give the wounds they but too frequently 
cause. This point will be pooh-poohed by many. Yet 
they should remember that life’s comfort is made up 
chiefly of a variety of little things. Each may be very 
trifling, considered singly, or as only operating for 
a brief, a very brief period ; but as the periods in 
daily life are so often repeated, if it be disagreeable 
or painful, the aggregate of the repetitions makes the 
matter more than a passing nuisance or grievance. 

Work to be Bone ibould be done in the Beet Poiiible Way^ 
A Principle not easily Controverted, mnob Overlooked, 
however, in Practical Work. 

But the piindple, nevertheless, is overlooked or 
neglected in such cases — namely, that whenever work 
is to be done it should be done in the best and most 
complete way possible. If a thing is worth doing at 
all it is worth doing well. And well done work is 
that which is alone satisfactory. And so far from 
involving the greatest trouble, from a pretty long and 
a wide experience of work and of workmen, we firmly 
believe that of the two it is by far the easier to do 
good work than to do it in a half-hearted, perfunctory, 
wholly careless way. We know of nothing so 
demoralising — we use the term purposely, and in its 
widest and highest acceptation — as the influence of the 
notion that there are trifles in all work which may 
be safely, as they are but too frequently and easily 
overlooked. There is no such thing as a ‘‘trifle" 
in this sense, in any, no matter what be the kind of 
work done. If there be, then the whole is a trifle; 
for every work is made up of a number of details, and 
if any one detail be a trifle the whole are trifles. To 
those who believe in trifles the old saying should 
surely convey an important lesson — “ For lack of a 
nail the shoe was lost, for lack of a shoe the horse 
was lost, for lack of a horse the rider was lost." 
Truly a trifle was the nail when weighed against or 
compared with the value of the life of the horseman ; 
yet the value of the nail was neither more nor less 
than the measure of the value of the rider, — without 


the nail the man was lost. It will be a great day for 
the future of our industries when the opinion is held 
universally by all engaged in their daily practice that 
there is not the slightest detail in work which is a 
trifle and which can with safety be neglected. 

The Habit of Thinking Over and Out of Work to be deiignod 
and done by the Cabinet Maker etiential to his Snooeai. — 
Practical Examplei. 

The habit of thinking out a piece of work, so as 
thoroughly to comprehend what it is done for, and what 
are the widest and highest uses which it can serve, 
cannot be too frequently and too forcibly inculcated. 
Nor can its importance essential to the welfare of the 
workman be overestimated. If thought were given 
to every piece of work we should not see so much of 
it ministering but very slightly to the end that it 
professes to serve — in some instances ministering to 
an end the very opposite, indeed, to that which was 
its legitimate use. We purpose at this point to show 
somewhat fully the value of the habit of thinking out 
and over the purposes which articles of furniture are 
designed to fulfil, taking as the basis of our remarks 
two classes of chairs. We would here note that we 
do not deem it necessary for the purposes of our paper 
to enter into a like criticism of other parts of furniture. 
Our object here — which, of course, is involved in the 
discussion, while giving hints as to the designing of 
chairs — is specially to lead the youthful cabinet maker 
to an appreciation of the value of the habit of think- 
ing out all his work, analysing it, so to say ; and 
further, by what we give, to show him the best way 
to direct his thoughts. Our purpose will be amply 
fulfilled if we can persuade any one reader to 
think for himself, not to be guided and influenced by 
what others do, regardless of whether it be well or 
ill done. In such matters one is responsible for his 
own work — no one else can anwer for its doing. 
Take, for example, a chair. What is the essential 
element of this article of furniture — the reason for its 
existence? Obviously it is that which ministers to 
rest or repose ; it may minister merely to conveni- 
ence, as in sitting at a table while taking refreshmenti 
yet even then it is impossible to separate the idea of 
rest, at least repose, from it. But, as we say, the 
primary or essential reason for its existence is repose to 
burdened brain, rest for wearied and exhausted body. 
Do all chairs give this feeling of rest and repose ? Let 
hundreds answer who have known, who know daily 
now, how far they are from obtaining either one or 
the other truly by sitting in a chair. To a certain 
extent all chairs may be said to give rest and repose, 
but to be useful both must be complete. As chairs 
are almost universally made, we have no hesitation 
in saying that they cannot give completely or fully 
that species of rest which when even well designed they 
are calculated only to give. For a chair, rest or 
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repose is, we do not forget, different in character from 
that of a sofa, in which a reclining, or a bed, in hlch 
a prone or prostrate condition of the body, is the 
characteristic. But so far as it goes, the rest or repose 
of a chair is most desirable and necessary for wearied 
body. We have said that all chairs give, however 
faultily designed, some degree of rest and repose. But 
this is not so ; for there are some so constructed that 
they positively give no rest, compel the sitter to be 
in anything but a condition of repose. Of this type 
and of all its harm the reader may remember a 
graphic illustration in Dickens’s novel of The Old 
Curiosity Shop.” The scene is the shop — the actors 
QuUp the dwarf, Brass the oily solicitor, and Quilp’s 
boy, a lad of a kindred genus. Quilp, over thinking 
how to make those with whom he came in contact as 
wretched and miserable as he could, was eminently 
desirous on this occasion to minister to the comfort 
— in his idea of it — of Brass the solicitor, for whom 
he had a personal contempt, although he used him 
for his nefarious purposes. The happy thought 
struck him of making Brass be seated on an old- 
fashioned, high, straight -backed chair, the seat of 
which was anything but straiglit, sloping very con- 
siderably forward. The horrors of the situation — the 
I'est which was no true rest, the seat which gave no 
real sitting — aggravated tenfold by those of tobacco 
sickness. Brass being urged with fiendish glee by the 
dwarf to keep on smoking, although merely incident- 
ally, are most graphically, described by the novelist. . 

tome Ifotes on the Philosophy ” of Furniture Designing. 

What does this incident teach the pupil in cabinet 
making as to what may be called the pliilosophy of the 
design of a chair ? It seems a simple thing to make ; 
only something upon which one can sit down. But 
as it is not mere sitting, but the something which 
follows, or should follow, this act — that is the point 
to be considered. This something is, as we have seen, 
rest and repose. So that to design a chair which will 
truly give rest is not quite the simple thing it seems 
at first sight to be. If the pupil will set himself 
to think over the points involved, he will quickly 
discover that there are several considerations to be 
taken into account before the problem can be satis- 
factorily solved. In the first place he will see that 
there can be no true rest, no repose to wearied 
limbs, if any strain is thrown upon them. The 
muscles must be allowed to relax, if the limbs are to 
get rested. If, for example, merely to keep himself 
on the seat, he has to plant his feet on the floor so as 
to get a point of resistance from which to exert 
pressure through the medium of his legs, there is a 
strain thrown upon them which is directly antagonistic 
to rest and repose. This will be the result if, like the 
penitential chair of Brass the solicitor, the seat slopes 


forward. If it slopes considerably, the muscles are being 
constantly exerted to prevent him sliding forward 
and off it. If the slope be but trifling, the sitter 
may not be conscious of making any exertion to keep 
himself from sliding off it ; but he makes the exertion 
nevertheless, and making it, feels in proportion that 
his limbs have not been rested. In such a case, likely 
as not, he rises with the exclamation that he would 
not have felt half so fatigued had he been standing 
or walking. There has been a strain on the limbs 
which in one sense was unnatural, at least unusual ; 
and he feels the fatigue to be all the more on account 
of it. Although in a much less degi^ee, the same result 
happens if the sefit be perfectly level. Moreover, it 
is to be noted that by the way in which the chair is 
upholstered all the effect of a seat sloping forward 
may be given. Men never do anything without a 
reason; they may not be conscious of reasoning at 
all, still they do it intuitively, and a reason they have. 
When men sitting in a chair fling themselves back 
and tilt the chair backwards, what is the reason why 
they do this 1 Ladies say it is done ‘‘ because men 
are so awkward,” or “ because ihey are so vulgar.” If 
men who did this were asked to analyse the reason 
why they were so awkward,” they would soon see the 
true position of the matter, that they could with 
safety declare that the awkwardness lay in the chair, 
not in their action of tilting it back. If they were 
to get rest and repose at all for their limbs, they felt 
intuitively that they must obviate the awkwardness 
of make of the chair by the awkwardness so called 
of the backward tilt. Tliey felt a strain more or less 
severe on their limbs when sitting on tho chair in its 
normal position as designed by its maker. They felt 
this strain to be relieved by putting it in a position 
never designed by him that it should occupy. Let the 
pupil cut say half an inch — or better, three-quarters 
— from off each hind-leg of a chair, keeping the 
remainder in the way that he has bought them ; let 
him, some evening when he is thoroughly jaded, and 
finds his legs so that, as the saying is, ** he does not 
know what to do with them,” seat himself in one of 
the ordinary chairs; and then, after some time of 
sitting, lot him betake himself to his doctored ” or 
amputated chair. Then lot him honestly say in 
which of the two he felt that he derived the greatest 
comfort of rest and repose. Those who have designed 
the seats of our second and third class railway 
carnages of recent introduction have had an idea of 
such facts as we have named'; for they all slope con- 
Itoerably backwards, to the great additional comfort 
of the passengers, nine-tenths of whom, we undertake 
to say, could not explain the reason why they were 
BO comfortable ; or, if they guessed that it was owing 
to the sloping seat, higher in front than in back, would 
not be able to explain why it so acted. 
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THE TECHNICAL STUDENT’S INTEODUCTION 
TO THE GENERAL PRINCIPLES OP 
MECHANICS. 

Laws affecting Natural Phenomena— Matter and 
Motion. 


CHAPTER XXXV. 

Properties of Bodies — Porosity (continued). 

There is to the thoughtful mind no circumstance 
c onnected with the wondrous accumulation of ma- 
terials with which in the natuiul world we are 
surrounded, which gives rise to thoughts so sugges- 
ti\'e of the Divine wisdom which has given them to 
man for his use, than this — namely, the exceedingly 
varied nature of those materials. And just as one 
farmer wishes rainy, another fair weather, each 
thinking only of his own purposes and views, so a 
meclianic in dealing with a given material placed at 
his command may wish to have it possessed only, 
or chiefly, of a characteristic or peculiarity suitable 
ord}^ for the purpose he has in view ; while another 
mechanic may wish to liave his material suited for his 
purpose, althongli that be altogether different from 
tliat of his neiglibour. But such is the wide diver- 
s-ity in the characteristic peculiarity or peculiarities 
of materials, that the mechanic can always find one 
if not absolutely or pr*ocisely, still one pi*actically or 
generally, suitable to the work he has to do. Now, 
with the accumulated knowledge derived from the 
labours of his prcdece.ssors, the mechanic as a rule 
can place his hand at once upon a material possessing 
the characteristic lie desires. But in doing so we 
fear that it is not always that he thinks of what must 
have liecn the close observation and the patience with 
which it >vas displayed, and the long, long course of 
years — generations many — through which that was 
exercised, before man found out the materials which 
possessed the varying characteristics he reejuired for 
his work. Even yet the scientific man is finding out 
new uses for old mateiials, and disc;overiiig almost 
daily that some which have been tossed aside as 
worthless possess a high value to man. And this 
peculiar charactei istic or property of bodies or mate- 
rials known as porosity has been of immense service 
to man, although it sometimes happens that a mechanic 
does get hold of a material in whiidi he w’ould much 
rather that this porosity w’as not present. We have 
alluded to the continuity of the pa.s.sages or channels 
in mateiials. Thus, let us suppose the trunk of a 
tree, the fibres of which are so arranged in relation 
to each other that they may lie parallel to one another 
throughout their length in their normal condition — 
that is, where no defects as from disease causing hard 
knots, etc., etc., exist. But they do not lie close to, 
but at some distance from each other ; the result of 
which is, that a seiies of channels, passsges, or to use 
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the Latin term for this last word, pores, are found 
extending from end to end of the tree. This condition 
or property in w^ood would seem at first sight to be 
antagonistic to the ordinaiy purposes of the mechanic, 
who desires, as a rule, the closest giained or the 
hardest and densest wood he can obtain. But, as has 
been well remarked by a thoughtful observer, “ nature 
is always compensatory ” ; if she takes away w’ith one 
hand, she gives something in return as freely with 
the other. Thus this pi-operty of porosity — passaged 
or channelled — is taken advantage of in many wavs 
by the mechanic, and proves a pow erful auxiliary in 
many of his operations. We can only refer to one 
or two examples of this — the first of w^hich is the 
well-known process of preserving wood, by impreg- 
nating it wdth certain presemitive substances, as salts, 
oils or tars. This impregnation consists essentially in 
the filling of the pores of the wood with those pre- 
serving fluids. If there WTre no continuity in the 
pores or passages, it is obvious that we could only 
affect the outside and part only of the inside of the 
mass of timber to be preserved. But by virtue of its 
porosity every pai*t of the wood can be reached and 
placed under the influence of the preserving substanep. 
So complete is the continuity of the pores in longi- 
tudinal channels that one well-known process of 
preserving timber depends wholly upon this property 
for its successful operation. In it the preserving 
liquid is applied under pressure at one €'nd of the 
tree or log, and it flows througli the passf\gos till it 
reaches the other end, thus filling the poi'es throughout 
their length. By taking advantage of this principle 
of pressure the process of wood preservation is made 
much quicker than if the preserving licpiid was allowed 
to be taken up naturally by the w^ood, if dipped into 
it, or if applied to one end and allowed to flow through 
it as best it could. 

Properties of Bodies— Porosity (conlinucd). 

We have considered the ])assagos or p(j cs as being 
formed by tlie fibres of the timber lying apart from 
each other ; these fibres thus lopiesenl what we 
popularly term the solid parts of the timber. And 
in one sense, thei^efore, tliey are really the timber, 
all the other parts being but literally spaces or 
vacuities. Tiio mere filling up, therefore, of the pores 
with a prejSorving substance would appear to have 
the effect only of an outward application to the solid 
parts — that is, the fibres; and that until the interior 
of the fibres could l)e reached by it, the tinibei* could 
not be said to be wholly acted upon by ti e prest^rving 
substance, for, as we have seen, the fibres really consti- 
tuted the timlier proper. Now, the interior or inner 
solid part of the fibres is reached by viiiue cf the 
same property of porosity, for though in one sense 
solid, the fibres are themselves made up of solid parts 
separated by pores or passages. And if we conceive 
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a fibre to be itself made up of a series of rings — just 
as an exogenous tree is made up of rings (we exclude 
the consideration of endogenous ti*ces or plants, which 
have the central part pith only, and not what we call 
wood at all) — we can imagine how, though each ring 
has few^er pores or passages in it as it approaches the 
centre, still even the innermost ring will have its pores, 
however minute. This property of porosity — paasaged 
or channelled formation or structure — ^is so prevalent 
throughout mo-terhils, each solid part within or enclosed 
by another solid part having its own individual pores, 
that it has been somewhat jocularly said that there 
is really no solid matter existing, or but so little of 
it that what there is of it in the whole gloho itself 
might be compressed or squeessod into the form of a 
good-sized cricket ball. This, like all other exaggerated 
or paradoxical statements, contains, however, a truth ; 
and is but another mode of expressing what we have 
elsewhere shown to be a mechanical or physical axiom 
— namely, that all the established or received proper- 
ties of bodies are only relative, not absolute: thus, 
what wo term solid is only that amount or degree 
of solidity which is due to or arises from the con- 
nection in which the body or material is placed at 
the time. Thus, wo take a block of wood — say of 
oak — and we say that it is solid, certainly very much 
more so than a similarly solid or shaj>ed block of 
white or yellow pine. We know almost intuitively 
that this is st); that is, we know that the oak 
will resist the blow of a hammer bettor than the 
pine, the latter being indented, while the former 
scarcely show's the Immmer mark. Yet the oak is 
only relatively solid, for w'e can by mechanical pres- 
sure force the oak block into a smaller space than it 
occupies in its natural or normal condition. And 
when so forced w'e pronounce, ivithoiit any hesitation 
as to the truth of the statement, tliat the oak block 
is now much more solid than before. This compression 
(from the liAtin word fpressum, and this fi'om 
I squeeze or force together or press) or increased 
solidity (from the Latin solidus, firm), is obtained 
simply by reducing the section, so to say, of the 
pores or passages, and thus in proportion bringing the 
fibres or solid parts closer or nearer to each other. 
But the pores or passages still exist ; so that if by 
some means we can force, so to say, the fibres apart 
from each other, we then in proportion to this force 
increase the distance between them, till we may again 
bring back the pores or passages to their original size. 
This force we can obtain by water or moistui*e. If 
while the oak block is in its compressed state we inseriJ 
or drive it into an apertui*e made in another matenal, 
we may be able to withdraw it with comparative ease. 
But if we allow' the two to remain exposed in the 
open air, so that the oak block may imbibe (from 
the Latin hiho. I drink, and the prefix im, that is, in 


— 1 drink in) moisture from the atmosphere, or, as 
may be done more quickly, by pouring water from 
time into time into the oak block, the pores will get 
refilled, and the fibres or solid parts receding from 
their compressed condition will necessaiily increase 
the bulk of the block. It will now be no longer an 
easy thing to withdraw' the block from the aperture 
in which it has been placed in the other material, the 
increased size giving it a mucli firmer “grip’’ (this 
is from an Old Englisli word griopan, to seize or lay 
hold of) of the surface of the aperture. This swelling 
out oi* increase of bulk of timber is accompanied with 
the exertion of such a force that if the block in which 
the aperture is cut is not of great strength, such as 
stone, the force mny be suflicieiit to split or break 
it asunder. This property of porosity places within 
the rejxch of the mechanic various methods hy which 
he can alter their condition in relation to what is 
termed solidity, in a variety of w^-iys very useful. 
And the powrer, so to say, which it gives him, by which 
a return to their original condition, or by wdiich the* 
property converse to or the opposite of compression, 
namely, of swelling out or increasing the bulk of 
certain substances, is also of utility to him in many 
of his operations. A striking illustration of the force, 
so to call it, placed at his command in virtue of this 
property of materials, is found in the case of a rope 
made of fibrous mateiials, as hemp, which we suppose 
to bo w'hat in ordinary language is said to be perfectly 
dry. In relation to which pioperty of dryness it is 
well here to remind the student that it is the same 
as with other properties of bodies : the dryness is not 
absolute or perfect, but only relative ; for substances 
which wo pronounce diy, concluding that they must 
under the circumstances — such as a piece of wood 
w'hich had lain over the shield or hood of a smithy 
fire for very many yeai’s — bo dry, yet ai*e found to 
contain moisture after all, and this is very appreci- 
able. We refer again to the point, for it carries 
writh it considerations which are tcjo often overlooked 
— of great importance to the mechanic. In wetting 
the drj' I'opc referred to above in virtue of its porosity, 
a certfiin portion of w'ater is absorbed or imbibed. 
This, by filling the pores or passages squeezed 
together or closed by the contraction of the fibres ns 
they dried, causes the rope to increase in diameter or 
to sw'oll out. At first sight this would appear to 
lie the only result of the wetting of the rope, the 
sw'elling being confined only to the parts wetted. 
But if the young student wdll think the matter out, 
he will perceive that the effect of the increase of 
the diameter of any part of the rope is the pulling 
up, so to say, of its fibres at that part, in rising 
or swelling outwards ; this in relation to the core or 
centre of the rope is a veHical rising; but os tbe 
fibres rise vertically, the}' drag along the connected 
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fibres on each side, and this longitudinally, so that 
there is an actual shortening of the rope throughout 
its whole length, and this is accompanied by or is 
the cause of great contractile power or force, capable 
of mising or moving heavy weights. The contraction 
and expansion of certain materials in virtue of thcdr 
porosity is a subject of very great importance to tl;e 
practical mechanic, heat and cold being the great 
agencies. Those terms are, as wo have shown in 
treating of repulsion, again purely relative : a 
body which is considered cold may be warm or 
hot as compared with another body. As a rule, the 
substances or materials which are of vegetable or 
wood origin are those which ai o more distinguished by 
pox'osity than inineials ; and minerals, as stone, more 
than metals, as iron. But the young reader must 
not conceive of metals as being bodies wliolly without 
this property : we liave seen tluit gold, which w'C should 
pronounce to ho absolutely “dense,” or without pores, 
possesses them, so that water enn be forced through 
a mass of it ; and wo have seen how the character 
of a metal, such as iron, is very much dependent upon 
tlie polarity of its molecules or its crystallisation, and 
that this cannot take place without the formation 
of pores, however minute they may be. And the 
practical imin knows but too wx^ll, and to his cost, 
that by the defec(-s of a process or the presence of 
some substance he can, even in that closest of all our 
useful metals — steel, create, so to say, an artificial 
porosity, which ho would very gladly indeed dispense 
with. 

Properties of Bodies.— 'Density. 

In the last paragraph we have, in relation to the 
porosity of certain materials, used a w'^ord which we 
have marked with inverted commas; and from the 
sense in which it is there used the young student 
will understand that the term “ dense ” is used to 
distinguish a property of materials tlie opposite of 
porous. Here, as in other cases, the very I'oot or 
derivation of the words “dense,” “density,” tlirou.s 
light upon what they mean. They are derived from 
the Latin verb chnsco, I press together, I thicken™- 
deneitaSy thickness — tliat is, the particles or molecules 
are more thickly disposcid in a certain space in f)ne 
body than they are in another body. If so, they 
must be closer together or nearer to each other than 
if they -were, so to say, sjpread over or made to fill or 
occupy a larger space. We can obtain a very good 
illustration of the term dense, in this relation of par- 
ticles being thickly placed together in a given space, in 
the case of a j^egiment of soldiers spread out over a 
large extent of ground in open or skirmishing ordei’, 
and the same regiment massed into the “solid square ” 
— which, the distinguishing feattmo of British army 
battles, has so often rolled back the tide of battle and 
resisted the terrible and oft-repeated assaults of the 


bravest and the host of foreign troops. Here we at 
once say that we have in the square a dense body of 
men ; just as wo use the same expression of a crowd 
of people assembled in a large hall, who are said to be 
“ thickly ” crowded together, yet who, dispersed over 
the surface of a very large field, would no longer con- 
stitute a dense or thickly crowded mass, bufc what in 
common languago would be said to l>e a niimher of 
people thinly congregated or spread out over a large 
area. Hero we see tliat the property of density is 
entirely relative. Wo have precisely the same num- 
ber of particles — so to call each member of the cro>\ (l 
or each soldier of the regiment; but in the one con- 
dition of circumstances wo have a “ thin,” in the other 
a “ thick,” or dense (healing in mind the derivation 
of the word vve have given) disposition of the particles. 
In .applying these relative terms, thick and thin dis- 
position of the paii/icles, to the case of substances or 
bodies wnth which the mechanic has to deal in his 
daily woi'k, the name of “ porosity ” is given to the 
thin disposition, that of “density” to the tlu'ck dis- 
position. Thus, referring to oiir supposed case when 
illustrating porosity, the particles rojuesented by tlie 
squares are kept ap.nrt or placed in relation to each 
other by their polarity, leaving H[)aces lictweeii them 
which we may siqipose to be represented by black 
squares. If we sujijiose that the squares — particles — 
are forced or R(jueezed by a strong external pressure, 
so that part of their substance passes into the vacant 
spaces, wo shall have those spaces just so much tlie 
less as thei'e has boon much or little of the solid parts 
of the squares forceil into them. In this condition 
wo SCO at once that the particles must be closer to- 
gether, and that more of them can be made to occupy 
the same space — that is, lie more thickly together ; 
in other words, we say that the body, made up of an 
aggregate of particles — squares — is more “dense” than 
the body in its original condition, with its open or 
vacant sjiaces as if in black squares. The maximum 
of density in the case here supposed would he when the 
particles w^ere so closely squeezed together that thi^ 
wdiole of the vacant or black spaces would disappear. 
But thi.s maximum of density, or apparently com[)leto 
doing aw.ay with the porosity of the mass, would still 
he relative. For, as we have shown in a preceding 
paragraph, w’hat would be termed solid bodies are 
only rol.atively solid ; since w e can in several w^ays and 
in numerous bodies or substances prove, by demon- 
stration which can lie seen and felt, that the polarity 
of their atoms give simcos, or what we popularly term 
vacuities, precisely as w^e have supposed to be repre- 
.sented by dark squares. So that the maximum of 
density wrould not in reality be reached by the mere 
disappearance of the black spaces or pores, broirght 
about by squeezing together the particles till they 
lay in close contact w ith each other. 
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THE STEEL MAKER. 

The Details of His Work— The Principles op its 
^EOGKSSEB— The Qualities and Cuakactebistics op 
ITS Products. 

CHAPTER XVI. 

The Thomai-Gilchrigt Prooese of Bephoephorliing Iron Orel ; 
otherwise the Baiio Process. 

At conclusion of last chapter we remarked that in 
the history of important inventions or discoveries 
progress in improvement is found, as a rule, to be 
made by gi'adual steps, and that often the inventor 
or discoverer is astonished when he looks back at 


do the peculiarities of human nature. Tliese can 
never be eliminated from men, and they work to-day 
as they will work to-moiTow, as they did yesterday; 
and not always in favour — too often» indeed, quite 
the contrary — of their true interests. The lesson of 
warning which the iron trade had received in con- 
nection with the Bessemer process — that much time, 
which to business men is simply money, would have 
been saved had practical men devoted as much pains 
and lal)Our to see what the process was probably capable 
of doing, as they did unfortunately for themselves, and 
the nation devoted to prove, or rather to try to prove, 
that it was incapable of doing anything at all — was 


what was the initial position which his <liscovery or thrown away. For the succeeding great invention or 
machine at first took. But to some men is given the discovery of Thomas and Gilchrist met with a fate 
great gift not merely to gmsp the general piinciple somewhat similar. This striking diiference, and it is 
of a discovery, seeing what it can do now, but to take suggest! v^e of sundiy practical thoughts, did exist 
in, as it were intuitively, a clear conception of what it between them. Someliow or another the announce- 
is capable of doing hereafter. They occupy, in virtue ment of Sir Henry Bessemer fell, so to say, amongst 
of this gift, possessed by few at the very first, such a t^he iron men like a bombshell falls in the midst of 
commanding point that they see all around them wdiile ^ garrison or fighting party in the trenches ; or, to 
others are but groping their way in the lower regions w^e another simile — perhaps under the actual circum- 
of darkness and doubt. Humanly speaking, the stances as they at the time existed more appropriate 
career of the Thomas-Gilchrist process would have — I'ho statements of Sir Henry Bessemer, and the 
been very different from that which is now apparently fulness and freenoss of bis assertions, acted with 
before it had it not had the singular good fortune the iron trade precisely fis we find the waving of a 
to meet with one possessed of the great gift above iii . the face of a rampant bull. Sir 

alluded to, held by so few, and of which it might be Ileniy was met with a perfect storm of refutation, 
said so wished for by all. So far as their respective of invective, and in not a few instances of .scorn and 
histones are concerned, there arc some points of com- sneering, and in a few wdth that treatment which 
parison more or less sti-iking and suggestive between verges upon if it bo not quite injustice and wrong, 
the history of the Bessemer and that of the Thomas- and which has its rise in decided personal dislike, 
Gilchrist process. One feature distinguishes both — or a fear on the part of some at leixst, that their trade 

namely, that no one seemed at first— indeeil, one may will bo imperilled if not destroyed. The ancient cry 

say for a long time — to have had the ability not beard in the streets of Ephesus is not altogether 

merely to gi-asp the fact as a fact that either the one unknown in our modern cities. Fortunate it was for 
or the other had in it the elements of a change which Sir Henry Bessemer himself — fortunate for the nation, 

would be equivalent to a revolution in metallurgical still more fortunate for the very men who treated his 

practice; but far below this clear, and as we might proposals witli contempt, or, worse still, assailed him 
call it prophetic, foresight — not even to guess at or on personal points — that he was made of the sterner 
conjecture that the processes might be important, stuff than women are”; and knowing that he had, to 
So far from this having been done— at least, if in use a graphic phrase, “got hold of the right end of 
isolated ca'^es it was done, it was not made public-- the stick,” he wielded it not only with courage, but 
both processes were at first received with indifference, with such vigour, tact, and skill, that he soon routed 
and at the best with that courteous incredulity which, the opponents to his brilliant discovery and the 
while it refrains from open sneering and expres.sion of mechanical means by wdiich he made that discovery 
ridicule, is just os operative in retarding tho ju’ogress practically available. 

of a new process or invention as more active and The reception of the Thomas-Gilchrist process by 
less scrupulous opposition. The histor>' of tlio early the trade, and indeed by scientific men more or less 
stages of the Bessemer process— one wliich, read by directly interested in its progre^ — was altogether 
fhe light of its subsequent successes, was as brilliant difierent from that of the Bessemer. Ko doubt, like 
from a scientific and mechanical standpoint as they the latter, no one seemed to have had even the 
were powerful in creating a “ potentiality of wealth|0 remotest conce 2 )tion of the capabilities of the process, 
beyond the dreams of avarice” — might well have The youthful discoverers would only have been too 
taught the world of practical men a lesson of some glad to have had the announcement of their great 
value. But, as hi toiy is said to repeat itself, so also discovery met by even a tithe of the active oppo- 
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sition which assailed the Bessemer process. In the 
“hurly-burly of the conflict/’ if they had received 
hard blows, they at least would have had the chance 
of giving in return blows as hard — indeed, harder, as 
they had the truths of facts on their side. But what 
chance of victory has one, or even of making a 
“ drawn battle,” if, while ready armed and with the 
courage to fight, the enemy will not fight — nay, Avill 
not even put in an appearance on the fighting ground? 
Galling enough, surely, is it for one ready and 
eager to decide his cause in open combat to find no 
enemy opposing him; still more galling to be told 
that the enemy does not think him worthy of any notice 
at all, far less considers him as “fooman worthy 
of Ilia steel.” Of the two it is not only infinitely 
harder to bear, but it is, in fact, more prejudicial to 
the interests of a new discovery or invention, for it to 
bo received with contemptible indiilerence, than to 
have an opposition whicli is even distinguished by 
all those disagreeable elements which some men liave 
the unhappy knack of introducing into the discussion 
of a purely scientific question. Opposition, no matter 
how conducted, acts like a storm of wind in the 
material universe : if it knocks down some houses and 
levels trees, at least it clears the air from fogs and 
mists, so that other houses and trees can be seen. 
Oppodtion is positive in its cfiects, and productive 
of progress in some direction ; indifference pure and 
simple wholly negative and fatal to progress. And 
this was the fate of the Thomas-Gilclirist process at 
its first announcement. 

Following uj^on such expeiiinents as tlie compara- 
tively limited facilities j^laccd at their disposal per- 
mitted them to carry out, and which, although like 
the majority of past experiments made with any new 
thing, not in every respect successful, were yet fully 
and distinctly corroborative of the deductions of the 
theory upon which the process was based — Messrs. 
Thomas and Gilchrist prepared a paper descriptive of 
its general features. This was the paper, so often 
alluded to in the history of the process, W'hich was 
read at the niitumn meeting of the Iron and Steel 
Institute, held at Paris in 1876. So little interest 
did the reading of this paper excite, so trifling the 
hold its proposition took upon the minds of those 
who heard it, so few seem eel to form any conception 
that these proposals contained at least the germ of 
something useful — so thoroughly, in short, was in- 
difference manifested in the matter — that the paper 
was partially relegjited to the pigeon-holes of the 
Institute. 

But what the Institute in its corporative capacity, 
and what the large body of men in the iron worlds 
outside, in this country and elsewhere, failed to grasp, 
one of its members had the practical and scientific 


knowledge and the far-seeing business capacity to 
take thorough “ grip ” of. This was Mr. E. Winsor 
Richards, the able manager of the w’orld-wide known 
and gigantic establishment of Bolckow, Vaughan <k Co., 
of the Eston iron works, near Middlesbrough, If 
Mr. Richards did not — although we conjecture he did 
— take in a clear conception of the true potentiality 
for good of tl:e new process, he did what so few men 
have the ability, indeed common-sense prudence to do, 
at the least deem it worthy of consideration, This, 
given to it in a most rigid way, led him to recommend 
to his Company a trial of it. Thoroughly appreciating 
liis ability and the sterling 'worth of his character as 
a conscientious man, only interested in their interest, 
the Company wisely requested Mr. Richards to pro- 
ceed with the trials. Mr. Richards knew that he had 
difficulties to overcome before the process could be an 
economical and therefore a commercial success. This 
much, indeed, he had learned fn>m such scanty results 
as could be obtained from the preliminary trials made 
at the Blaencvan iron works, and at the still more 
celebrated works at Dowdais. But backed as Mr. 
Richards was by the high confidence reposed in him 
by liis Company, and, what was more to the purpose 
so far as the means of working were concerned, the 
prinetcly revenues of its directors, he w’as not the 
man who once “ having put his hand to the plough ” 
was likely to turn back. Like Napoleon — history 
applies this name to one only of this family — Mr. 
Richards had no such word ns “ impossibility ” in his 
vocabulary : with him also a “ difiiculty ” w'os a thing 
only to be overcome. And what the difficulties were 
are best known to those wlio, like the writer of these 
lines, know “ something at least ” of the money ex- 
pended in overcoming them, — money which, when 
added up, amounted to what would be a most ample 
fortune. It may well enough and reasonably be 
conjectured that, had it not been for the work 
done by the Bolckow, Vaughan <k Co. establishment, 
through the active ageiay, the mechanical skill and 
scientific attainments of their engineer, Mr. E. Winsor 
Richards, the Tliomas-Gilchrist process would not 
have been at that stage of a successful career wliich 
we know it to have now reached. And whether we 
consider the circumstance that the Company had not 
only ample means at their disposiil, but bad such 
faith in their manager as the dispeiULer of it wdth the 
object ift view, or on the other hand the ability of 
Mr. Richards, the fact remains that the public at 
large are the true gainers by this “ happy combina- 
tion of fortuitous circumstances.” To a combination 
of this kind the Thomas-Gilchrist process, now a 
success, and bidding fair to bring about a perfect 
revolution in the practice of iron and mild steel 
making, was indebted. 
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THE FACTOBT OE MILL HAND AS A 
TECHNICAL WOEKER. 

The Organisation, General Duties, and Special 
Work op the Staff op Factories for the Produc- 
TiON OF Spun and Woven Goods— that is, “Yarn** 
AND “Cloth”— and those chiefly in Cotton and 
Wool.— General Description of the Various Pro- 
CESSES OP Manufacture. 

CHAPTER XIX. 

At end of last chapter we stated that the sizing of 
the yarn and the subsequent drying of it go on 
together. After the sizing and drying, the make of 
the size and the perfection of the drying enables the 
manufacturer to lay them on one side for a time, if 
not immediately required, and this can bo done with- 
out proving at all detrimental to it in the process^ 
of weaving. The perfection to which the preparation 
of size has been brought to insure the keeping of the 
yarn after sizing for such an indefinite period is 
a marked feature of the trade. 

Woollen Factories. — Mill Management. 

In last chapter we brought the work of the cotton 
mill or factoiy up to that point in which the fibre is 
converted into cloth or calico, which is its finished 
condition ready for market. We have next to take 
up the work done in a woollen factory, which embraces 
the manufacture of worsted used in a variety of 
fabrics, as well as the important department of 
woollen cloths, or what are so familiarly known as 
•‘broadcloths^’ or “West of England cloths,” in con- 
nection with which there is much that is practically 
interesting from a technical point of view. Before 
commencing to describe this most important depart- 
ment of the technical work of textile manufactures, 
we have, however, to glance at several parts connectc»d 
with mill management not yet embraced in preceding 
departments, and which chiefly concern the master or 
proprietor or his manager, and their assistants. 

It is of the utmost importance to have a spinning 
mill well arranged {i.e. a well built and convenient 
mill), to have the machinery of the most improved 
make for the kind of work which it is intended to 
produce, and to have it so planned that every point 
can be secured with the utmost degree of economy 
and efficiemey, thus making the business speculation 
thoroughly successful. No one would bo so unwise 
as to commence a business either of spinning, manu- 
facturing, or of buying or selling aiticles ali’eady 
manufactured, with some latent doubt on hia mind 
that it would be a failure. This sort of way of enter- 
ing on a business seldom occurs, and to an outsider 
even it would appear foolish in the extreme. To^ 
secure success one must not only desire but be deter- 
mined that he shall obtain success. We are all loss or 
more sanguine of success in any undei taking which 


our fancy leads us to speculate in. It is mainly the 
hope wliich helps us and really spurs us on to use 
that energy which is absolutely necessary to insure 
success in business of any description. Although this 
success in business will, as a rule, be secured if we ai'e 
diligent and prudent in our proceedings and alert, so 
to say, in our movements, still there are different 
reasons why one may be successful, and others why 
another may be unsuccessful in business. Without 
giving — which in one sense it w ould not be possible to 
do — all reasons for success, w^e may state one or two, 
so that the youthful reader may reflect upon them, 
and thus see in them others which may go to secure 
the desii-ed result, sometimes we say fortune pours 
in upon some men in their business undertakings, 
and so it apparently does. But fortune should not 
be looked upon as a providence forcing, as it \vere, 
this good luck upon a man without any forethought 
or care and judgment on his part. Such a man is 
said to he “ far-seeing,” as it is termed — i.e., by the 
powrer of thought weighing and considering the cir- 
cumstances surrounding the sphex*e of his intended 
action, his perceptive faculties being brighter than his 
neighbours’, and thus enabling him to make clioieo of 
a situation more suitable for liis enterprise. And not 
only this, but it is of the utmost importance for the 
man of business to carry out the old proverb, “ God 
helps them that lielp themselves,” and this is the 
second step to success. This means watchful care, 
economy, not only in his business, but in his house- 
hold affairs. A man to bo sure of success should, in 
addition to the above, have not only a good practical 
knowledge of his special work, but sliould feel that Ids 
energies and talent to make that work available must 
bo all happily combined. It very often happens that 
a man who enters on a business speculation may not 
be possessed of any practical knowledge of its w’ovk, 
and yet be very successful in it. But in such cases it 
is mostly found that there is a degree of shrewdness 
about him, and in this way he deliberates upon the 
best mode of carrying out his project, and with his 
natural ability of distinguishing the tact and ability 
of his fellow-man he thus makes choice of a suitable 
one to manage his business for him, taking care, how- 
ever, to keep w’hat is so w^ell known as “the whip 
hand ” of all. He distinguishes in this manager not 
only an ability for such a position, but he judges in 
him further that he is one who would take a pride in 
being in such a station ; and therefoi'e it is only natural 
that such a man would exert himself to excel in his 
undertaking. Other illustmtions might be added to 
gpiDve how some men in their undei’tokings succeed. 
^ We hope the few we have given will give the youthful 
reader a line of thought by which he may guide him- 
self and pr ove to himself the importance of thinking 
and of “looking before he leaps.” As to the un- 
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successful *wo might, os a rule, say that the opposite 
6f all this holds true. But we would not, however, be 
altogether uncharitable to the unfortumite, as our 
experience in life has proved that one may work hard 
to deserve success and yet not ol)tain it. Still the 
above remarks on the successful will hold good. There 
is another proverb which is common to us all, and not 
only common, but in the sense of being somewhat rough 
is a very true one — ‘‘ Money makes the mare to go.” 
We believe that the want of snexjess in a great number 
of cases is the want of more money or capital.” The 
want of sufficient money is a bitter and an unprofit- 
able experience. We would not say that after all 
Ixiing a little short of money is not in some instances 
jin incentive to activity and perseverance, and during 
this activity and pei*soverance it is, or should be, 
coupled "with one other all-important step to success — 
that is, economy at home and in business. But whci'o 
money is already plentiful there appeal's less call for 
such care, either at liome or abroad ; yet in such cases 
a lower degree of success must needs follow. 

How generally do wo hear the expression that such 
an one has made a fortune in so short a time ! — but 
now he who made his foi^tune in so short a time would 
witliout hesitation say he could not do so well now — 
/./?., he could not increase his business or lay up money 
in the way he had done in former times ; this may 
1)6 accounted for in the Avant of the usual economy. 
We cannot spend money and still have it. To show 
more clearly that our remarks are based upon facts, 
we know of men in business who have commenced 
with the smallest of moans (almost no means) who 
are now ^‘piling their cash up in heaps,” either in 
increasing their business or purcliasing some profitable 
property. This is no better known to us than to all 
who are observant of business men known to them. 
We all may leai'n many of the real facts of life by 
observation ; this kind of education is by no moans to 
be despised. 

As we all like to understand a man’s motives, 
etc., as they are, and to watch the habits of men’s 
lives and the result of them, we become more and 
more educated into the realities of business society 
with which we must daily be associated. Our object 
is to try to help our young readers to think out the 
questions on subjects as tliey present themselves in 
every-day life. It is known to all thinking men 
that it is much easier to be satisfied with surface 
teaching and surface reading, but with the truly wise 
and prudent man such superficial education will not 
satisfy him. We should hop(^ that more of the think- 
ing quality of man’s real nature will be brought to 
light as education advances. Tlie truest education 
enables a man to distinguish between truth and false- 
hood — ^.6., between right and wrong principles. No 
man is more gratified than when he can discern for 


himsolf the real facts of a case. He is all the better 
thus fitted as an employer, foreman, manager, or as a 
workman, let bis class of work be what it may, 
simple or ccuiplicated. He will have greater interest 
in his occupation, a greater interest in producing the 
bc^t result under the circumstances, and it will tend 
to bi’ing out his better faculties. 

This state of mind would give real pleasure to the 
operative, and his labour would not appear so irksome 
to him. We would not say that such a millennium is 
to be looked for in every individual. The capacity 
for education is not so prominent in every one as 
to displace the great selfishness which rules amongst 
so many of us. We hope that each succeed iiig 
geneiution will have less of this element to contend 
with. 

Were work looked at as a necessity for the health 
of the body as well as for that of the mind, we should 
all relish the opportunity of woi'king. Had it not 
been of Divino providence that such was good an<l 
absolutely requisite for us, things to supply our needs 
would have been provided for us simultaneously. 
When we are engageii in something which is to our 
own gi'atification, we labour willingly, 4ind if inaal bo 
unceasingly : should that tinie come when we could 
for hire work for others as for ourselves, it uould 
truly 1)0 a life worth living for in compaiison to that 
of working in fear le.^t we do more for our employer 
than wo think wo receive back again in return. 

Management of Mills icontmucil). 

In all cotton mills, bo they of what class they may 
(i.e. fine or coarse spinning mills), they have of cnur.s<5 
each a system of book-keeping. The systems a(lo[)l i'<l 
in connection ^^ith the Avorkpeople must of ncccs.-.i ty 
be of a very simple chanictor, and must also very 
much resemble one another. In some mills nifstof 
their hriiids are paid by a special ‘‘indicator,” or 
“clock” (in the card room or preparation I’ooin), and 
that registers the length of work, sliver or roving, 
■which is produced, and the worker is paid accordingly 
{ix. so much for each hank produced). Say that fifty 
hanks have been produced during the week (tl at 
represents a certain length), and for each hank 
the worker (called a “tenter”) receives, say 3d., 
that would he 12«. 6d, per week. The “ tenters,” 
however, as a lule, make more than that amount; 
bdt that is sufficiently near to give the itlea. At 
the end of the week the “bookkeeper” or “over- 
looker ” or manager goes round to each frame and 
t:ikes the position of the “indicator,” commonly called 
a “ clock,” by referring to the position of it as it 
was at the same time in the previous week; the 
difference is credited to the “ tenter ” or “ minder.” 
Tills clock or indicator pi'inciple is adopted in all 
coarse spinning mills, being much simpler than that 
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of weighing each set as it is taken off. A “set” 
represents what is called a “ doffing.” Doffing means 
the taking off full bobbins — i.e., bobbins which are 
filled with cotton in the form of a “ roving ” or 
“sliver.” And those empty bobbins are put in the 
place of those full ones as they are taken off, and 
this process is continued throughout the week. For 
the spinning rooms the book called the spinners’ book 
account is kept : i.e., th.e amounts of yarn (cops) which 
are spun are sent down to the room where the packing 
of such cops is carried on, and are there weighed. 
Some are paid by weight, and in most instances the 
weight is calcuhited by the “ counts ” of the yarn 
spun. “ Counts ” represent so many hanks in the 
pound — i.e.j eighty threads of one and a half yard 
each in length represent a “ lea.,” and seven such 
“leas ” ropr(*seiit a Jiaiik j and if forty of such hanks 
weigh one pound, the fineness or counts of the thread 
is called “ forties.” In like measure, if the set of 
cops which have been sent down weigh fifty pounds, 
then there would be two thousand hai\ks, and so each 
set doffed is enterod in the spinner’s book to the name 
of the spinner, if at hand-mule spinning. But if the 
yarn is from a self-acting mule the weight is entered 
opjx)siie <o the “minder’s” mime, and in addition 
to the name the number of the mules is also 
entered ; and at the day for making up the wages, 
the w(*ights of the sets (yarn brought down) are 
all added up to a total and then multiplied by the 
counts of t/;e yarn; thus the production in hanks is 
made out. Tl.o process is extremely simple. The 
principle < It paying by hank or hanks is mostly 
ado[)tcd in the coarser spinning mills. The thought- 
ful reader will see the diircrenco between the payment 
of wages in the “preparation room” and “card room” 
(“ frame room ”) : in one case the operative is paid 
soniewl.at diHeiently to tliat of the other operative, 
although lx)th nro paid hy the hank. The reason 
w’hy th.e dineicnce exists will bo soon understood. 
In the frame n om the yarn is put upon very large 
bobbins, and th.e W'eighing of the work in such a case 
would requii e one or two extra hands to do it, even 
in an ordinary-sized mill, and so the deck system is 
adopted in ti e place of weighing the work as taken 
from tlie frames. It might bo asked, why not adopt 
th.e “ clock system ” in spinning rooms (mules) ? In 
the flame r(K)m tlie mindei's or woiking l.amls do 
not uro any instruments — as keys, i.e. “ sci*cw keys ” 
— such as w’ould do and undo the fixing of tlie 
clocks ; and the workers on fmmes being females, 
they perl aps may be less disposed, or have less 
mechoiiical disposition, to meddle wdth the mechanism 
of machinei’y than those who are engaged in the 
spinning i*ooin. The spinners or minders, being all 
male workers, their inclination is to interfere wdth 
and manage their own machinery, besides tiiat the 


custom in the trade allows the spinner or minder to 
do little matters in the way of regulating anything 
which gets out of order in a mule, which is always 
requiring attention to keep in regular good working 
condition. Thus the mule spinner or minder is 
trusted as a matter of necessity to have instruments 
to do these trifling repairs ; and it has often been 
found that where the system of spinning by the 
regulator or clock was used, it Lad ultimately to be 
abandoned on account of ti e worst disposed of the 
workers meddling with the indicator and making 
it repre.scnt a greater amount of work performed 
than could be found from tJie w’eight of yarn received 
from the mffes — hence the system of weighing tho 
work, and after that transfeii-ing the weight into 
hanks. In the case of the “ frame ” worker, she is 
paid by tl^e lengtl), as we may say, of work run 
upon one bobbin, whereby tlie difference of paynumt 
arises in the arrangement of paying in one case by 
the hank per spindle, and in the other by the hanks 
produced from all tho spindles. The difference be- 
tween th.e tvo is simply a matter of calculation as 
to the price ; this is self-evident, and needs no more 
illustrating. To lay down in this paper a plan or 
system of keeping such books would be in great pa]‘t 
useless, as it would at onco bo seen, even by a school- 
boy, that tho only way to keep an account of voik 
produced by one man must of necessity be to keep it to 
itself, and tliat eacli production from the same man 
must be kept to itself, and that the weight of yarn 
each time brought into the w'arehouse from tlie same 
person must be enteied one under another, so that 
they can be conveniently added up at tl:e end of tlie 
week into one lump sum (wliich is generally fixed 
for Thursday night), and this for the .sake of the 
bookkeeper in the office having sufficiout time to enter 
all names, weights, etc., of ti e woikpe(jple, and tha> 
be ready for jjayinent on the Saturday (say at cue 
o’clock). 

Hanagemont of Mills (can't uincd'). 

The next matter with regard to workpeople is “time- 
keeping ” for day hands — i.e., that class of hands wffio 
are paid at so much the hour, or so much the day 
or w eeJv, Some responsible person — the bookkeeper, 
or tho carder (or overlooker) in each department — 
is intru-sted to keep a small memorandum book and 
enter the time made by what is termed “ day hands,” 
and on Thursday afternoon or Friday morning he 
takes his time-book into the office for the bookkeeper 
in the genei*al office to copy the time made by each 
“ day-wwk ” hand. In most mills, whore a minor 
clerk is kept, this often devolves upon him, and he 
^us walks through each room immediately after the 
engine is started, and should he not be able to find all 
the pei*sons at w^ork according to names of the “ day 
hands ” which are in his book, a remark is made , 
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by him by which he can at the close of the week 
deduct the amount of time which is lost. This mode 
of time-keeping does not vary so much in form, as 
it is so simple that to give a formula here would 
be lengthening out this paper to an unnecessary 
length without any corresponding gain. We may 
say that the principal man, who is termed the 

manager,” and who is intrusted with everytliiug 
inside of the mill, being the one who is independent 
of all the subordinate servants (as bookkeepers or 
overlookers), should in his general survey spy out 
any irregularities in the attendance of the “ hands ” 
(workpeople), and so make a note in his private 
memomnda, and at the ond of the week take a 
survey of the entries in the wage book, so as to 
pi’event carelessness on the part of those wlioso busi- 
ness is to see that coiToct time is given in to the office. 
Tliis duty, which is truly a part of a manager’s govern- 
ment or su pel in ten deuce, lielps largely to stimulate 
the inferior (though trusted) servants to l)e watcliful 
and correct in the duties tlicy have to perform. Men 
of a low type of mind, and those whose habits of life 
are somewhat extravagant, are at times tempted to 
do that which under the circumstiincos would bo far 
from them. It would appear useless to some to refer 
to anything of the kind, as tliey might say, Where 
could any advantage accrue by any iri*egularity in 
time-keeping ? Let it suffice as a warning in con- 
nection with a duty. The above remarks cannot bo 
in any degree otlensive to the honestly disposed ; but 
in treating upon systems (and having hud thirty 
years of nmnag(’ment and experience in tliese maiterd 
we may be pardoned for saying tilings which to the 
more expeiicnced mind might appear ridiculous) we 
hope notliing may occur but tliat which is right ; 
nevertheless, a word in season may be a preventive 
of occurrences of an uii])leasaut nature. Prevention 
is better tlian cure.” Wo hope our readers — we mean 
those of them who liave had little or no experience 
in tills way — may be a little chaiitably disposed at 
all times to those of longer experience, and th.at the 
old saying look before you leap ” may be uppermost 
at the time, and thus they may conclude that any 
remarks wdiicli are made in this paper are really 
made wnth no otlier intention tlian that of serving 
a practically useful purpose. We ai*e well aware 
that those of long experience in business matters 
will at once see the fmee of our remarks, and will 
not charge us with wishing to say more than what 
experience warrants. 

This leads us now to i*efer to the duties in general 
of the clerks in the office of the mill — i.e,, ti e place 
where all the books are kept. The office is of course 
provided with wffiat is called a set of hooks, by which 
all entries of goods received and also of goods delivered 


are kept. Tlie book which is used for goods received 
is called the ‘‘ received bcok,” and in this book every 
article is entered which enters the mill doors, be it for 
whatever purpose it may. This book is of infinite 
value, whether the man who received the goods be still 
in the employment, or far away ; the ai'ticlea from 
every firm as received are entered in full, so that when 
an invoice is presented each article can be cliecked, 
and thus the invoice be found to be correct or other- 
wise. As to the price charged for each article in the 
invoice, that is but seldom entered in the delivery 
note, and therefore the knowledge and discretion of the 
manager, master, or bookkeeper, has to be brouglit into 
request. Some of them would almost know to a certainty 
whether the charges were correct, from their general 
experience. Another book which is kept is called 
a ‘‘ deliver}’’ book,” in which all goods (nay, we may 
say articles of every kind) are enteied ; from this b(X)k 
the “ day book ” is formed. But here wo may say 
that this delivery book has for its especial object per- 
h.aps that of receiving the signature of the individual 
who received the goods ; some again use as a deliveiy 
book one in wliich tJ.ere is a copy of that whicli is 
given to the person receiving the goods, ho leaving 
his signature on the copy of the corresponding note 
to that which he takes with liim, A delivery book 
of tliis kind is on a very simjdo plan, and is also 
useful for the bookkeeper to copy into his day 
book,” where he enters the prices to each article into 
it, and from which he makes out his invoices of the 
goods delivoied. 

This does not complete the business of the book- 
keeping in a mill, any more than that in any 
other business. Another book called a ‘‘lodger” is 
kept, and this book wjien properly kept entered up 
shows at a ghince the amount of money which 
stiinds to the credit or debit of any one ; and wl:en 
any account is paid off the clcik enters the sum 
in tlie ledger and rules it olf. There is a dear page 
of his account until a further transaction take place. 
It Is necessaiy tljat this book should have an index 
attadicd to it. This index is systematically arranged, 
and, it being a long one, the alphabet can be placed 
so that the letters follow in order (i.e, alphabetically), 
beginning with A and ending with Z. Eadi leaf 
has a piece cut out sufficient to receive the letter. 
Suppose Thomas Johnson’s account is to be found 
for any ptirpose wljatever, the ledger-keeper or the 
principjil at once refeis to the index ; and looking 
for J, and on the page of J, will he found Johnson, 
Thomas, the surname always being put the first in 
an index. There will be found opposite to Johnson, 
Thomas, a number of the page of the ledger, upon 
which, by referring to it, Thomas Johnson’s account 
will be found. 
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CHAPTER XXVI. 

Continuing our description of the mode of finding 
tlio curve of a helical staircase commenced in last 
chaptcfr, and illustrated in fig. 3, Plato CLXXXV., 
we proceed to state that the helical curve line pro- 
duced by the point of the steps next the outer circle 
in A A starts from i . To find the line pi-oduced by 
tho inner ends of the steps at small circle u, proceed 
as follows. From the various points in circle n pro- 
duced by the ends of the radial line from points 1, 
2, 3, etc., draw verticals; tho point k will be No. 1, 
tho next point No. 2. and so on. Where the verticals 
cut, the correspondingly numbered hmizontals from 
ff will give the points through which tho curve is 
drawn. The starting point o on baseline cd in cc 
is obtained by drawing a vertical from point in 
inner circle b in a a. The curve of inner ends of 
steps cuts that of the outer ends as at the point 
and it terminates near f. Tlie spaces between these, 
as at D and E, are concave or hollow, and if the 
drawing of the staircase was finisLed, tho steps would 
be shown. Lines continued from points on tlio lino g 
would in fact give the steps. Tlio part at f is convex. 

Delineation of Square-Threaded Screws. 

Wo now come to illusti'ato the application of tho 
principle of tho projection of helical surfaces in the 
projection of s(‘vews, scpiarc-tl.readod and angular- 
threaded. 

Let ahcy lig. 1, Phito CXX., be a circle, tho 
diameter of which is equal to that of the outside of 
tho Hci'cw. Til rough the centre e draw a line c/, and 
on this, at any ('oiivt'iiient point above the circle, tho 
line (j 4. Draw the diameter h a, and from centre e 
describe a circle concentric to tlie larger circle, the 
diameter of circle ij being equal to tlio din meter of 
the inside of screw. Frcjm the ix.ints a and t, 
draw, pa railed to c/, the lines ak, il, jon, and bn; 
these will give the boundary lines in the elevation of 
the outside and inside of the*! sci*ew, the distance, as 
hj or i, being equal to the dep.th or jirojection of 
tho screw from the central bar or body of it, round 
which the thread is cut. With the distance a i 
or h j set off on tho centre line e /, from point o, 
a senes of distances, as o p, q r, 8 t, 7i v, and 
through those draw lines parallel to gh, as 
gqZf a!rh\c' tiV. The parts, as that between ghzV qio, 
give the depth of one thread, the sides of which are 
bounded by right lines, as gw^z these points being 
joined by cuiwed lines, as g f </, pj\ i z, which are 
found by the following operation. Divide the semi- 
circle aib into any number of equal parts, as eight 
in the diagram. From these points draw, parallel to 


e/, linos as in the diagram, as 2/, 3 m, etc. Divide 
the distances g w,xz each into four equal parts, and 
through the points, as 1', 2', 3', draw lines parallel to 
gh, as I'l', 2' 2', 3'3'. The intersection of the line 1, 
drawn from semicircle a 4 //, with the line 1' V on tho 
line g iv, will give a point e ; the lino 2, with 2' 2', a 
point f ; tho lino 3, with 3' 3, a point g\ Tho inter- 
section of the hno 7, from the semicircle ah 4, with 
tho line 3' 3' on x z, will give a point h. The inter- 
sections of tho linos 0 and 5 with lines 2' 2', V 1', will 
give points i’ and j. Througl i the points h 

draw by liand a curved line, terminating at g and z» 
Divide the distances to y, z V each into four equal 
parts, and through the points draw lines parallel to 
gh as before. Tlie intersections of these with the 
vertical lines drawn from the points 1, 2, 3, 4, 5, 6 
and 7, on the semicircle ah 4, will give a scries of 
points, as Ic, l\ ni', n\ o' and through which a curve 
is to be drawn by hand, terminating at the points 
w and ii'. The boundiiry lines of upper and lower 
edges of the first thread are thus put in. The same 
operation repCMt(?d will give the lines of the second 
thread, y a', d' d\ and of tho tliird, c' c' and q' q. By 
examining the figure the draughtsman will porccavo 
that the ends of the threads are joined with curved 
lines, as a A to tho central part bbb. These go 
dowm wards to tho left hand and upwards to the right 
of tho screw, as will bo seim by inspecting the figure. 
These curved parts are put in exactly in the same 
way as tlie other curves, being drawn through points 
obtained by the intersection of tho honzontal lines, 
as 3' 3' on w y, 1 2, etc., in the semicircle ahc. Thus 
the curve A between the points y and to is diviwn 
through the points as shown ; but tlio full line stops 
at the vertical hne, the boundary line of the central 
bar or core of tho screw. The curve a between tho 
points h' and d' is drawn through the points given 
by the intersection of tho lines at v\td and .t, but 
stops also in full line at vI z', tho side of the central 
core. But it will be observed that the under parts 
of tho thread join the central core or har by means 
of curved lines, those curves being below the thread 
on the left-hand side of tho screw, and above it 
to the right-hand. These curves are obtained by 
tho intersection of tho lioi'izontiil lines, as T, 2', 3' on 
g Wy with those vertical ones drawui from points found 
on the inner semicircle i 4" j. This is divided into 
the same number of equal parts as the semicircle 
abc (the division i ij will be most readily found by 
drawing from tho centre e radial lines, as ei\ those 
will cut siij in the required points, as V, etc.). 
Lines are drawn from the points on i 4jy as V 2' 3", 
l^tc., and these intersecting with the lines on y w, 
as r give points through which the curve is 
drawn by hand. In like manner the reverse and 
corresponding curve z' q is put in by drawing a curved 
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lino tlirongli the points a", these points being 
found by the intersection of the vertical lines with 
the lines 3', 2' on the line h z. It will be observed 
that these curves all start from the lines at alj\ y A, 
jis at a' and 5®. In order to clearly understand the 
relation which one part of the projection here given 
bears to another, and the principle upon which the 
whole depends, the pupil should most carefully study 
the projection as a whole before proceeding to projc‘(!t 
it for himself; and this projection ho should make 
on a much larger scale than the space at his disposal 
admits of. The same remark applies to the projection 
of the angular screw now to follow, and indeed to all 
the other projections in this paper: the larger the 
scale, the more clcaily seen are the intersections of 
the various lines on which the finding of the points 
re<juired depends. 

The din gram on fig. 1, Plate CXX., illustrates a 
method of putting in the curves of a screw of same 
length — i.e.y with several threads, without so iruiny 
vertical and horizontal lines, which become confusing 
to the young divanghtsman. Thus, on the first set 
of vertical and horizontal lines being obtained, as at 
10 (j op in fig. 1, Plate CXX., and p Xy z q, it will 
only be necessary to mark oft' on the vortical centre 
lino c f the dislnnccs as o pj q r, a tyU and or as 
many as will be required for the number of threads 
to be delineated ; drawing through these lines parallel 
to g h. »Suppo-o the line a h., fig. 2, Plate CXX., to 
1)0 one of these lines, and a c to represent part of the 
bounding or exterior lino of threads, as a g c /•, fig. 1 , 
Plate CXX. By means of the T-square set with 
edge coincident v/ith the lines drawn from the points 

l, 2, 3, 4, in the? semicircle or plan of screw in fig. 1, 
Plate CXX., run the pencil — not touching or marking 
the paper- till the line, as a hy fig. 2, Plato CXX., is 
met with, and mark faintly yet distinctly the points 
in it d, CyJ, g. Contiinie tlioso vertically a short dis- 
tance above a hy in faint yet distinct lines. Then, with 
ono of the distances, as ^ fig. 1, Plato CXX., in 
the spiing dividers, set off* on vortical line at d ono 
of those distances to A, on line c two to ?, and on line f 
three to jf. The point h will he equal to four of the 
distances, or equal to b c or g %o. By drawiug a Hue 
through the points A, iyj, A, a cmwed lino will he 
obtained equal to and wdiieh will coincide with the 
line g ^ f' g' p in fig. 1, Plate CXX. The points I and 

m, which give pait of the curve at the upper side, are 
found in the same way, starting from the line cm. 
Tlio part at a, fig. 1, Plate CXX., is showm in pai't 
in fig. 2, Plate CXX., where the point y and lino y z 
correspond to similar parts correspondingly lettered 
in fig. 1, Plato CXX. \ y a d being part of the bottom 
curved line of thread y a' d d in fig. 2. The points 
a, dy being given, lines are drawn througli these 
vertically, and extending below lino g z. Prom this 


line, at points hy c, make r' equal to h Oy and clio c d', 
and from g draw the curve y r\V. This stops, how- 
ever, at the lino a. 

We may here point out how the methods described 
in last paragraph may Ix) applied to copy any curved 
or irregular line, as the line a 6 on the upper side 
of the line d c, fig. 2, Plato CXX. At any convenient 
number of points — the more numerous these are the 
hotter — draw vertical lines knowm as ordinates/* as 
at the points dy g and i. Suppose the curve a b in 
to be drawn on the under si<le of a c, continue the 
ordinates for some distance below a c. Then set oft 
distances dcy ghy ijy ch, to the points k, 1, m and 7 i. 
These will give points through which the curve re- 
quired is drawn. It is obvious that this method is 
applicable to a line in the same position as a 6, 

Delineation* of Angular-Threaded Screws. 

In fig. 3, Plato CXX., wo illustrate the method of 
delineating an angularly threaded screw. The prin- 
ciple of the operation for finding the curves is ])recisely 
that explaiiied in t?oiinection with the square- threaded 
screws in fig. 1, Plate CXX., and tlio young draughts- 
man should have no difllciilty in projecting the drawing 
from the description there given, and the following 
brief explanation of fig. .3, Pinto C'XX. The lino 
a b in tho lower diagram marked A is the centre 
line of plan of tho screw, c being tho centre, and 
distances a d, b c, corresponding to the distance the 
edge or outside periphery of the angular parts project 
beyond the solid core or boily of tho screw. The two 
circles a/ by dl\ e, are each divided into the same 
number of equal j^arts, through which radial lines 
ar(? drawm to the centre c c. 

Let a h in diagram B B, at top of fig, 3, Plate CXX., 
bo tho base line or commencement of the screw, 
parallel to a h in lower diagram a a. From c in a a 
continue the radius efio c in b b. From point d 
in this set off distances, as d c, d fy to g and A, each 
of tlicsc being equal to tho distance a or e & in A a. 
Througli points Cyfy g and A draw lines parallel to a b, 
as ijy lily luTiy and op; tliese give half the height 
or depth of a complete thread. From points a, dy e and 
h draw lines parallel to c/, and continue them to the 
diagram on n b, as aOy b p. The parts as a i, j ai o 
each to be divided into tho same number of parts as 
the quadrants afy bfinKh are divided into — that is, 
four in the- drawing. The intersection of verticals ’* 
or ordinates dra^vn from points in tho semicircles at 
A a drawn parallel to c fy with the horizontals ** 
drawn from points as in a /, j /, in b b, gives the 
points of the curve. Thus the intersection of line 
from point 1 in A a with first horizontal drawn in a i 
gives the point 1 that of vertical from point 2 in 
A A with second horizontal inai in B B gives the point 
2 ; of vertical from 3 in A A with third horizontal in 
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a i gives the point 3, and thus the points 4, 5, 6 , 
and 7. Through these, beginning at point a and 
terminating at 1, the first curve is drawn, which gives 
the highest or outside sharp edge of the thread. The 
curve of the bottom lino of thread is formed by the 
intersection of the verticals from points 8 , 9, 10, etc., 
in A A (in inner semicii-cle), with the horizontals 
drawn from the points r, s, <, giving points through 
wliicli the curve 78 9 10 11 12 13 14, and ending 
at t, is drawn. The outside lines of each tliread aro 
6 tn\ight, forming the two sides of a triangle, as 
aq,qk. 

Delineation of Heehanioal Contrivanoee for Communicating 
and Changing the Direction of Motion. 

We now come to the delineation and setting out 
of contrivances for (dianging the direction of motion, 
and of communicating this either in a regular or 
uniform or a chimgiiig, intermittent or interrupted 
motion. If a wheel or flat disc or a pulley be securely 
fixe‘(l — the technical term is “keyed on” — to a shaft, 
which by the power of the prime mover, be it a 
water- wdieel, a windmill, or a steam engine, or other 
motor, the disc, wheel or pulley has the same number 
of revolutions as the shaft to which it is keyed. 
The reader will take note hero that while the pulley, 
disc or wdieel makes the same number of revolutions 
per minute as does the shaft to 'which it is secured, 
the velocity is not the same. Each point in the face 
of the disc has a greatei* velocity than the shaft, and 
that in proportion as the distance of the point from 
the centre* of the shaft increases, the velocity being 
greatest at the edge or periphery of the disc. Hence 
.the ciicumferontinl velocity of the disc — that is, the 
number of inches or feet passed through per minuto 
— is greater than tliat passed through by any point 
in tlie circumference of the shaft itself. The young 
draughtsman should thoroughly understand this 
point, and ho able to see the diirerence Ixjtween the 
number of revolutions made by a disc wdioel or 
pulley per minuto and the number of feet or inches 
of space passed through in the same time. It is 
important that he should see this, as it lies at the 
i-oot of much of his mechanical designing. A simple 
illustration will make the point of difl^erence as 
stated above clear. Thus, let him suppose two con- 
centric rings or ciredes to be drawm upon a large 
lawn, and a pole to be placed in the centre common 
to both. Let one ring be much larger than the other. 
He will see that if tw^o boys be set to run at the 
same number of revolutions or running.s-round per 
hour of the two circles, the boy who has to go 
round the larger of the two will have to run just 
bO much the faster to make the complete round 
or revolution in the same time as the boy running 
round the smaller circle; and the first boy would 
have passed tlirougli a much greater number of feet 


or yards than the second boy who was going round 
the smaller circle. Yet both boys would make the 
round or revolution only each in the same time. 

A wheel or pulley fixed in a revolving shaft can 
only communicate motion to another wheel or pulley 
fixed in another shaft, but they can alter the speed of 
one another; a lai*ge toothed wheel “engaging” or 
“ geaiing ” with a smaller or less diametered wheel 
giving a greater velocity or number of revolutions 
per minute to the shaft on which tho small one is 
keyed. And the same holds good of the converse 
of this condition, where a small wheel drives a large 
one. And both cases apply equally to pulleys driven 
by belt-, straps or ropes. But wdieels and pulleys 
cannot alone “ convert ” or change the character of 
one kind of motion into motion of a difterent kind. 
The motion of driving wheels or pulleys being cir- 
cular, and continuous for the time being, the motion 
also of the driven wdieels or pulleys, to whieix they 
communicate tlieir motion by teeth or friction, or by 
belts, straps or ropfw, is also circular and also con- 
tinuous for the time being. 

Delineation of Contrivances Connected with Motion.— The 
Eccentric. 

When the character of the motion is to be different, 
or one motion is to be, as tlie technieal phrase is, 
“converted,” other mochanic.il contriv’anoos have to 
be employed. Tlius, to change a C(>iitinuous circular 
into a reciprocating rectilineal motion or movement, 
contrivarices known as the “crank,” tho “eccentric,” 
and the “cam,” are employed. The exact character 
of the movements produced by those contrivances 
wdll be found elsowd.ere explained ; we have hex'e only 
to concern ourselves with the method of setting and 
delineating them, merely giving in a general w^ay tho 
mechanical peculiarities of their motion. In fig. 1 , 
Plate CCXVIT., w^o give an illustration of an “ec- 
centric,” one of the contrivances above named for 
changing continuous circular into reciprocating recti- 
lineal motion. This forms an important part of the 
mechanism of a steam engine, the continuous circular 
motion of the main driving or ci*ank shaft of which 
is changed into the alternate to-and fro or recipro- 
cating motion of the “slide valve,” which regulates 
the admission of the steam to the upper and lower 
sides of the piston in the cylinder, and of the with- 
draw’al of the steam through the “ exhaust port ^ 
after it has worked the pi.ston up and down or to 
and fro alternately. Whatever tho “ tmvel ” of the 
slide valve in extent of rectilineal motion from one 
end of its movement to the other may be, this, or the 
“ stroke ” of the valve rod w'hich moves the valve, is 
0 distance corresponding to tho distance of the C 0 nti*e 
of the eccentric or “ eye ” by which it is fixed to or 
“ keyed on ” the shaft from the true centre of the 
circular disc which forms the body of the eccentric. 
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Thus let ahcd^ fig. 1, Plato CCXVII., be the disc 
forming the eccentric. If the eye or ** centre ” of this, 
by which it was passed over and secured to the shaft, 
were at the point e, which is the true centre of the disc 
considered as a disc only, it is obvious that, keyed on 
to the shaft, the disc would revolve at the same 
numlier of revolutions per minute, its circumference 
or line of peripheiy, as a 6 c dy being always in the 
sjime plane. But by placing the centre of the eye or 
working centre of the eccentric at the point /, an essen- 
tially different condition of matters would be brought 
into existence. Suppose the eccentric to bo keyed 
firmly to the shaft,/, the end or cross-section of which 
is indic 4 ited by the cross-hatcliing lines, e being a 
cross-section of the ** key.” As tlie shaft / r-evolvod it 
would carry the eccentric round with it; and assuming 
that the direction of the motion was in that of the 
arrow 1 , when the sliaft / had completed the first 
quarter of its complete revolution the point c or 
lowest part of the eccentric a h c d would be found 
at p, towards the right hand. The sliaft / continuing 
to revolve in the direction of arrow 1 , when it had 
completed half of its revolution the point c would 
be at h, having moved from / to h. The shaft still 
continuing to revolve, the eccentric ahed would be 
carried round towards the left-hand side of the centre 
line h c, in the direction of the arrow 2 ; and on the 
shaft completing three-fourths of its revolution the 
point c would be nt i, having moved from h to i. 
When the fourth and last part of the revolution of 
the shaft f was completed, the point c would have 
returned to its original position. 

Delineation of Mechanical Contrivances connected with 
Motion.— Tha Cam or Heart-wheel. 

The motion given by the eccentric to the piece or 
part of a macliiiie which receivc.s rectilineal motion 
fi-om it — as the slide valve, for example, of tlie 
steam-engine already referred to — is not uniform 
throughout its travel or to-and-fi*© movement. This 
is, in fact, a varying movement — that is, its velocity 
is less at one part of its travel than at another — the 
velocity increasing during the first half of its travel 
or stroke, and decreasing during the second half of 
its stroke. Where the reciprocating rectilineal motion 
given by parts of machines having a continuous 
circular motion is required to be uniform throughout 
its whole stroke, tlie contrivance known as the 
heart- wheel-shaped cam,” termed otherwise and 
simply the “ heart-wheel,” is employed. This is illus- 
trated in fig. 1, Plate CXXXIV'. But before pa.ssing 
to, the description of this, wo show in fig. 1, Plato 
CCXVII., one form in which the eccentric is de- 
lineated. With the exception of very small sized 
eccentrics, the central part of the disc is cut out or 
formed with vacant or void spaces. This is done to 


save weight, and in no wise interferes with or lessens 
its strength. The parts taken out or left void assume 
greatly the form as at jjjkkk in fig. 1 , Plate 
CCXVII. The two spaces are right and left, being 
divided by a “ rib ” or ** feather,” f, placed there to 
strengthen the central web ” or thinnest part of the 
disc, shown at m rn in fi’ont elevation (central figuro)^ 
and at h in section (figure to the right) ; the figure 
to the left is a side elevation. The young draughts- 
man should study the relation of the different parts 
and of the three view.^ given to each other ; this 
being facilitated by the working transferred from 
one to another by tlie dotted lines. 

In fig. 1, Plate CXXXIV., we illustrate the method 
of finding eccentric line.s to give the outline of a haart- 
shaped “ cam.” In this d f is the throw of the cam, 
and the cii'cle h c d e the size of the curve. Draw the 
circle or eye of the cam a /. Divide the circle h c d e 
into any number of equal parts, — the greater the 
number, the more the number of points through 
which the curve is to be drawn, — and through these 
points draw radial lines to the centre p. Divide 
fd into a number of equal parts, amounting to half 
of those into which the ciide h c d e is divided. 
Then, from centre 7 ;, with radii as pg^ pJhp ?, etc., 
describe circles concentric to hede : the intersection of 
those with the radial lines as !;>, 2;^, 3 2 ?, etc., will 
give points through which tlie curve will be drawn. 
Thus the intei’section of tlie first circle, pg^ with the 
first radial line, p 1 , will give the first point, q] of 
tlio second circle, p A, with the second radial line, p 2 , 
will give second point, r ; the point 8 is found at the 
intersection of j) i with 3, t at the intersection of 
pj with ^>4, u at cutting of p k with /> 5, the point 
V at cutting of jt> ^ with p 6 , point w at cutting of p m 
with p 7 , fioint x at cutting of p 7i with p 8 , point g at 
cutting of 2 ? 0 with p 9. 

In fig. 1, Plate GXCIV., we show how the heart- 
wheel cam described in preceding paragraph is 
lightened by having void spaces, as a a, b by cast in 
the central web or plate in the same manner as done 
in the case of the eccentric in fig. 1, Plate CCXVII. ; 
a rib or feather, c c, being used to strengthen it, and 
also to give a symmetrical division between the two 
sides. When the cam is designed to give motion to 
a rod, as dy which rises and falls alternately in the 
direction of the arrows / and the conicil pai’t, as 
at iy require^ to be formed as at A, in order to facilitate 
the motion of the friction-wheel e c, which is placed 
at the lower extremity of the rod d. In some 
mechanical movements the heart-wheel cam as now 
illustrated works inside a rectangular frame, to the 
end or ends of which the rod or rods are jointed 
to which the reciprocating rectilineal motion is desired 
to be imparted. 
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THE TECHNICAL POINTS CONNECTED WITH 
THE EMPLOYMENT OF FOfiM AND 
COLOUR IN INDUSTRIAL DECORATION. 


CHAPTER VIII. 

All we have said at conclusion of last chapter may 
appear to some of our readers as having but little, 
if indeed anything, to do with the subject of art 
decoration. Wo have in truth written but in vain 
if this be so. Nevertlieless we ai*e bold enough to 
maintain the assurance that it will not appear thus 
to the majority, certainly not to the tlioughtful 
amongst our readers. To them at least the truth 
of all we have said will bo clearly perceived, nor 
less its applicration to the puiposcis of our papci*. 
These purpo.yt?s will have been but poorly served if we 
have in any measure lost sight of the fact that the 
more execution of the art student is not all that is 
to be thought of, — if in any way however slight, or 
by any "words however feeble, we have given our 
readers to suppose that all that is required in the 
art student is the cajiability to do what may be 
truly called the merely mechanical part of his work. 
Assuredly our purpose has, from all we have said^ 
been vastly diflorcnt from ibis. The facility of finger 
to commit to canvas, to wall .surface or to paper, the 
forms and figures the eye secs, or fancies it sees, 
is right enough in its jdace : it cannot possibly be 
dispensed with. Bub while drawing is in itself indis- 
pensable, drawing is not all. Nay, at the l>est it is 
but, so to say, as the tools with w^hich the w^oikman 
shapes his materials into form. But what that form 
is depends upon higher atiributes. Design cuines in 
hero, to give the stamp of value to his work; and, as 
elsewiiero in the pages of this w'ork it has been shown, 
design in its only one and true sense' is dependent 
upon thought for its existence. Drawing and design 
as such arc therefore quite different things, although 
in perfect work tho two must go and bo fogetlicr. 
But of the two — although some, wo kiio\v, w ill think 
differently — tho w^ork which is deficient iii drawing, 
yet show^s in every line the evidcuice of clcj^ign, is of far 
higlior value than that in wdiich every lino is drawn 
wdth that accurate precision which gains prizes and 
certificates, yet is but the evidence of a capability of 
copying and nothing more. Some of the w’oik of the 
old masters in the decorativo art of materials which 
we now call industrial — ^as glass, gold and silver, iron 
and wood — are, when judged by the mere mechanic’s 
standard, w’ofully deficient. Some of our youngest 
a2>pr(»ntic0s could, to use a graiiJiic if a familiar 
expression, “ boat them hollow.” But as w’orks of 
true art —that is, as strong evidences of thought, of 
design — they stand so high that they are models for 
all time of what decorative art in such materials 


should be. Wo cannot therefore possibly have done 
wrong to insist — the wrong to our readers would 
have been had w’e refrained from insisting — upon the 
art student having the highest aims in his work, 
upon the absolute necessity which exists that he 
shall so study that those aims shall be secured, and 
BO cultivate those sources of inspiration in art from 
which only those higher aims can bo best attained. 

Effect of Biitaaco in Drawing Objects. 

From what has been said as to tho close study of 
Nature, in order to draw from her those lessons in 
art wdiich she alone is capable of giving in such pro- 
fusion of wealth and with such fulness and directness 
of purpose, it will be by tho intelligent reader clearly 
enough perceived by this time, as he wall have intelli- 
gently followed us, that this study depends much, if 
not wholly, upon his ability to observe — to see. It will 
also have been made clear that this faculty of obser- 
vation, of seeing things in nature as they are, is very 
much a matter of education. To few only — and those 
are emphatically the “scors” in more ways than one 
— is tho faculty given of going right to the heart, 
tho centre, the soul of things visible in tho created 
world ai’(.)und us. It is not given to every one to 
take in the varieties, or rather, as w'e should say, 
the true characteristics of form, to understand tho 
mysteries and apprccijite the delights of colour. But, 
as we have said, those tilings can be gained, though 
gained only by keen and close observation. And, 
as we have also said, one way to gain them — some 
maintain that it is tho only w^ay — is to begin wdth 
tho study of the minuter objects in nature, going 
from them to grander develojiments iu form, light 
and shade, and colour. But there are several points 
in the matter of seeing or observing iiatuial objects 
wdiich it is necessary the student should be careful 
in noting and giving earnest heed to. One of these 
is that tho same object docs not 2)resent the same 
artistic or natural charactciistics — for our purposes 
we take these terms to be synonymous or convertible 
exiuessions — when viewed from “differing distances,” 
The aspect which a rock or a tree assumes when 
viewed from one distance is quite different from that 
w^hich it offers to the eye of the artist when observed 
from another distance. This is quite different, be it 
marked, fi*om tho effect of looking at the same object 
from different points of view ; for it will be at once 
obvious that the mere form of the object may be, 
and very likely will be, seen from one point, quite 
different from that seen from another point of view. 
And as with the form, so with tlio light and shade 
and the tones or tints of colon i*. The mere change 
w position wdll give to the eye of the ai*tist light-and- 
shade and colour effects w’hich w’ill be so strikingly 
different fi*om what he had seen before, that tho most 
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indififerent or apathetic may be startled into some 
activity of thought and clearness of observation or 
keenness of sight. But although this effect of change 
of position or point of view is one which the art 
student must take every available opportunity to 
study, and stud3dng to understand, it is to be noted 
here that it is one quite different in its features and 
results from that which wo have named above — ^that 
is, the change in the appearance of a natural object 
brought out by the mere change in the distance from 
which it is viewed. Thus, it is true that “ for every 
distance from the eye thei*e is a peculiar kind of 
beauty, or a differont system of lines of foim ; the 
sight of that beauty is reserved for that distance, and 
for that alone. If you Jipproacli nearer, that kind of 
beauty is lost, and another succeeds, to Iro dis.oi ganised 
and reduced by strange and incomprehensible means 
and appliances in its turn.” 

The Artistic Effects of Katural Objects. 

From this, and from what wo have otherwise and 
elsewhere stated in this paper and that under the 
head of ‘‘ The Ornamental Draughtsman,*' enough has 
been given to impart to the youthful student in art 
decoiation some conception of what work is before 
Lira in his study of nature and of what are called 
tlio artisbi<i effects of natuml objects, when properly 
looked at or seen. A somewhat contmdictoiy-looking 
phrase this is — ^^of artistic effects of natural objects'* 
— seeing that wo are generally taught in the schools 
that art and nature are two totally different things, 
if not quite, at least greatly, contradictory. And 
although the dictum is reiterated and enforced by 
many writers out of school, it nevertheless is the 
fact that true artistic feeling and expression — the 
reader will note the word we have italicised — is 
that only which is natural or derived, and more or 
less directly displayed from nature. Nor must the 
art student, in his study of the special subject for 
the purposes of which this paper has been 'vmtten, 
for a moment conceive that the lessons which we 
have shown can bo derived from nature in artistic 
work have little or nothing to do with the special 
application of ai*listic knowledge to the decoration of 
industrial materials or work. It is not so now, or at 
best but in a meagre, modenito way; but in times 
past it was that our first uHists, our greatest painters, 
did not disdain to show their powers, not merely 
in the decoration of the wide expanses of grand 
walls and ceilings of palaces, but in the design of a 
casket or the decoration of a cabinet which might 
grace and beautify, and in so doing enrich in a high 
sense, the modest apartment of a burgomaster. And 
when a higher and more noble knowledge of what 
aii is, and what its mission to the people i.s, obtains 
amongst artists, we shall have a return of such times 


as those we have alluded to. And when wo tliink 
what those old and bygone days were considered from 
the artistic point of view, there is much need also for 
those interested, or said to be interested in art now, 
to push tl)e inquiry, so that, if possible, some answer, 
if only but a partial one, be obtained to the question, 
How is it that art has not the same influence, does 
not occupy as wide a field, now as it did then ? When 
we fairly settle in ourselves to solve this question, 
determined that we shall obtain the true reply to 
it, wo greatly fear that the evidence Avhich will be 
obtained from all sides will be as little flivtioring 
to our vanity as it will be complimentaiy to our 
earnestness of thought and our purity of purpose. 
Nevertheless wo have so far advanced in integrity of 
artistic purpose, and in w]::it we may call the honesty 
of artistic life, that wo may fairly cherish the hope 
that we are about to enter, if indeed there are not 
signs enough around us that we have already entered, 
upon a new phase of artistic (natural) life, which will 
in its work affect, as it will in proportion to its earnest- 
ness dignify, the existence or daily life of all classes, 
not less the poor and humble than the ricli if not 
the vain. Far from hopeless, then, is the outlook of 
the fiiture; but the more likely is the hope to be 
realised if the individual artist determines tliat in 
his walk of life, however n.arrow, in his circle of 
influence however circumscril)ed, he will do his share 
of this work of the future wholly independent of 
what is done by others, not measuring ])is efforts by 
what he sees of those of others. Tlio day of the 
realisation of any hope never comes when tlie woik 
which can alone bring it about is put aside because 
wo wait for the work of others. It is individual 
effort which forms collective and completed woik. 

In this work of the individual, in whicli alone rests 
the hope of the future of q-rtistic work in industrial 
decoration, there are many points wluch come up for 
close consideration. To sojuo of those, and perhaps 
the most iniportant, we have drawn attention more 
or less complete. But one or two still remain to bo 
glanced at. Wo have said much about colour and 
its application to artistic dccomtion — much also as 
to form, and what can bo taught respecting them 
by nature; and much more could be said — for the 
subject, like the examples of it which abound in 
nature, are inexhaustible and varied as they are 
infinite. .But one thing is to our mind very clear : 
that neither noble nor pure work — if, indeed, the two 
attributes of nobility and purity can be separated — 
will be secured without nobility of thought and purity 
of puiq)ose. As the outlines of the face and the play 
of expression in its features may and often do — 
although in this, as in other things, facts belie 
experiences — give a trustworthy key or clue to the 
intellectual and moral chni’acter of a man, so it may 
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be said, as indeed it will not seldom be found, that 
the colour-work of a decorative artist gives the key 
to his chameter. For just as we know, beyond any 
doubt, that a man habitually given to the utterance, 
even in connection with the most trivial circum- 
stances, of impure words, has a mind filled with 
inipuro thoughts, so also may we decide with almost 
equal certfiinty that certain combinations of colour 
or a certain style of colouring habitually employed 
by some artists — for example, in cold, gloomy greys 
or browns, or in dashes of what should be brighter 
colours, but which being impure in tone, aro not 
bright, but lifeless — give us a fair key to the intel- 
lectual, and above all, moral character of the artists 
themselves. A pure mind animated by noble thoughts 
and aiming at the highest purposes will be certain to 
give pure e/Teebs. We have had to examine decorative 
work designed for wall surfaces the very colour of 
which told the tale of the mind of the artist — it being 
almost impossible to conclude otherwise than that he 
had an .impure mind. And the etfect on the minds 
of those who were condemned daily to look upon that 
decorated sin*f;\ce could not have been otherwise tlian 
depressing, oven if it weni not essentially degrading. 
Some may think — a few poasibly (we hope but a very 
few) may go the length to say — that art has little 
or indeed nothing to do with moral considerations; 
that a thoroughly worthless and bad man may bo 
a very good artist —may, indeed, be able to point to 
certain examples in proof of this. There can, how- 
ever, be no greater mistake made by the young artist 
than this, and it will bo well for him if he is not 
misled by the miserable sophistry of those who main- 
tain it to be true. There is art and art— the true, 
tlie noble, and the false and monstrous. The tendency 
of true art is to elevate the mind and purify the 
adections; that of false art, even at its best, tends 
only to tickle the fancy, at its worst tends to lower 
the moral tone. It Is an easy matter to find the 
truth of this exeinplilied in the works of the old 
masters ; we do not moan by this term their paintings 
— popularly pictures — but their decorative work, al- 
thougli both classes of work may be cited as examples 
of tlio truth of the position we have put. Our gi’eat 
authority — for none can be greater than he in all that 
is connected with the morality of art, which we at 
loiist look upon as its life — has some line and noble 
remarks upon this, maintaining that the purest and 
most thouglitful minds are those who love colour the 
most,*' and that the “more faithful and earnest the 
ndigion of the })ainl.cT, the more pure and prevalent is 
the system of his colour. . . . And it will be found that 
so surely as a painter is irreligious, thoughtless, or 
obscene in disj>osition, so surely is his colouring cold, 
gloomy, and v;iluoless.** As examples of the “ opposite 
poles *’ of art in this respect he quotes the cases of 


Fra Angelico and Salvator Rosa. Of tne work of the 
first-named, a man who “ never harboured an impure 
thouglit,’* he says that his pictures are “ simply so 
many pieces of jewellery, the colours of the draperies 
being perfectly pure.** Of the work of the second 
artist named, “ a man who spent his life in masquery 
and revelry,** he says “ his pictures are full of horror, 
and their colour for the most part glooniy grey**: 
and our authority concludes by saying that “those 
are no singular instances. I know,** ho says, “ of no 
law more severely without exception than this of the 
connection of pure colour with profound and noble 
thought.** We have in another part of this paper 
erred to a cerbun “ school ** of Continental colourists 
whose worlc may also bo taken as proof of this law. 
This work, almost without exception, if not degraded to 
a terribly low degree in subject, is always in colour 
of the most depressing character — depre.ssing almost 
to repulsiv(?ness — tlio examination of which gives one 
a mental sliock mucli in the same way as one knows 
a pure-minded man is shocked at the outpour of the 
blasphemy and the obscenity of talk of some impure- 
minded and inii)nre-living scoundrel. And of this 
school of colourists liere alluded to it is in no wdse 
uncharitable to say — for they make a boast of it, 
“glorying in tlioir shame’* — that tlje best of them 
lay no claim to purity of life, while of the worst of 
them their lives aro best charactorisod in those tcnihlo 
words — “they are given over to a reprobate mind.” 
If any youthful student of ours may not think it 
true now, the time will, wo think, soon arrive when he 
will find it abundantly evident, that the better the 
man, the higher his aims, the nobler his purposes, 
the purer his thoughts and aspirations, the better 
the ai tist and the more likely is he to do some of the 
good work, which, while it gratifies what is called 
pure artistic taste, does more and higher work in 
elevating the mind and briicing it up to the execution 
of good deeds which will live, to the cultivation of 
high thoughts wliich will fructify to noble lives. It 
will be a groat day for British art when the decora- 
tion of even our humblest homes is deemed a nnitter 
worthy of the care and of at least some portion 
of the work of our best artists ; a still groiiter day 
for our national art when its followers, one and 
all, rise to a true conception of their mission, and 
of those principles or that spirit which will dic- 
tate the execution of its w’ork in such a way that, 
while it pleases the eye or gratifies the taste, it will 
also minister to the love, the cultivation and the 
enjoyment of the pure hopes and the noble purposes 
of a dignified and dignifying life. We say this, for 
wo^onfess to being ambitious for the future of our 
na^nal art ; too often it has lent itself to the mere 
gratification of the gay and thoughtless, to the passing 
whims and fancies of fashion* 
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CHAPTER XXVIII. 

Breeds of Fattexiing Axiixiiale {continued). 

We said at end of last chapter that while the Devon 
ox is small in bulk as compared with the Shorthorn 
or Hereford, the form is generally finely set out 
and proportioned, giving a compact fiame. A good 
animal has prominent eyes with placid expression, 
the nose is small, the lionis are of graceful curves, 
with an upwaid growth and witli outturned ends. 
The head as a whole is small, being described by 
some as deer-like ” in characteristics. Tlie chest is 
round and deep, bosom open, fore-arms small and 
fine and tapering below the knee, and quickly lost 
in tlie shoulder. The back is level, the ribs springing 
clear and level ; the skin is loose, touch fine, and the 
hair soft and fleece-like, having, when the animal 
is in good condition, a tendency to curl. The colour 
is a bright red, white spots or plashes, oi- of any other 
colours, if not positively objected to, being disliked 
as some evidence of a lower standard of excellence in 
breed; while a white udder, for example, is looked 
upon by many as an insuperable bar to purity, although 
overlooked by some. 

The Shorthorn, the Hereford, and the Devon may 
bo looked upon as the lepresentative English breeds 
of fattening cattle, as the Galloway polled (or horn- 
less) and the West Highland may be taken as the 
representative breeds of Scotland. There are, how- 
ever, other English breeds, as the Sussex, the long- 
horned or Craven, the Norfolk polled or red polls, and 
the Suftblk polled (both, as the terms denote, horn- 
less” breeds), and the Welsh breeds. Cross-breeds are 
common enough, and this may be said to be tlie cha- 
racteristic of the Irish cattle, which are distinguished 
by a very wide diversity in general features. The 
favourite cross in England is with the shorthorn, 
which shows itself, as in the case of the Yorkshire 
and Gloucester cross-bed cattle, to bo singularly well 
adapted for bestowing its good qualities upon less highly 
favoured breeds or classes. 

As the English cattle are classed under one or other 
of the four divisions — the long-horn, the middle-horn, 
the short-hom, and the polled or hornless, so the 
Scotch are placed in two groat divisions — the horned 
and the polled. Of the horned class, the West High- 
land ox is the dnest example; many of our readers, 
no doubt, recollecting at least one splendid specimen 
of this on the whole wild-looking but picturesque 
and noble animal, with its shaggy coat and splendid 
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head, set off with horns of formidable and dangerous- 
looking dimensions. The colour of the West Highland 
ox is usually black, though dun is sometimes met with. 
They are finely and symmetrically formed, largish in 
bulk, with the straight and level back, level and well 
set-on ribs and tail, which please tlie experienced 
grazier. They are, as may be supposed from their 
habitat, hardy in constitution, and yield a large pro- 
portion of meat to that of their bulk, while its high 
quality is known to every butcher. The West High- 
land ox is a quick and kindly fattener ; the county 
of Argyle may be said to be the home of the finest 
of the breed. The other varieties arei the Kyloes — 
wdr'ch is, in fact, the original or aboriginal breed of 
Scotland, the home of the best breed being the island 
of Skye — and the North Highland oattle, which come 
chiefly from the Orkney Islands and the counties of 
Caithness and Sutlierland. Of the polled breeds of 
Scotland the Galloway is the repi’esentative ; it is, 
indeed, very frequently termed the polled Scot. The 
colour is genemlly black, or a dark and brindled 
brown; the cattle are larger than the West Highland ; 
their form is good, back broad and level, ribs giving 
a roundnoss to barrel or body, as good as in the best 
of English breeds. They are hardy in disposition, 
and fatten readily. Of the polled Scottish breeds, 
the polled Angus is the gi’cat rival of the Galloway, 
although, singularly enough, some insist upon its being 
but a variety of the Galloway. The polled Aberdeen 
is another bree<l of this class. 

The Daily Work of the Oraxier. 

Having in the preceding chapters gone as fully as 
the space placed at our disposal will admit of into 
all the important points connected with what may be 
called the general principles which concern the calling 
of the grazier considered as an art or science (although 
it may with all safety be said that it is both), we are 
now prepared to go as fully into the actual details of 
his daily work. In giving these, we shall take in suc- 
cession the different classes of live stock of the farm, 
which are bred, reared, and fattened for the production 
of food — namely, what is popularly known as butcher 
meat,” and “ dairy produce,” as milk, butter, and 
cheese. Those classes are fattening cattle, or oxen, 
and dairy cows. We consider that space will be econo- 
mised, and at the same time all the practical details 
will be given, in what may be called a natm*al se- 
quence, if, in place of devoting special paragraphs 
to difterent details, we take the work of the grazier 
as done from day to day throughout tlie year, thus 
presenting what we have to say in the foim of a 
monthly calendar. Technically the farmers* year 
begins in October, the preceding month of September 
being token as that in which the last of the work 
of harvesting, or the realisation of all the labours of 
the preceding months, is completed. It matters little, 

22 



274 


THE GRAZIER AND CATTLE BREEDER AND FEEDER. 


however, in what sequence we take the months of 
the grazier ; so that the usual mode of reckoning may 
be adopted, which commences the year with January. 

Special Hints on the Management of Fattening Cattle. 

Before giving our remarks under the various months, 
the following special hints on the subject of fattening 
cattle management will, in addition to those given 
incidentally while treating on the general subject in 
preceding chapters, be found useful. To obtain the 
highest economical results from the lowest expend! - 
ture of food, certain points must be observed in the 
management of fattening cattle. In winter, feeding, 
good shelter, and a due amount of warmth are essen- 
tial. “Heat is meat” is a saying as amply verified 
by the experience of good and sound practice as by the 
dictates of correct theory. Two animals fed on the 
same food, and of like weights, one of which is kept 
during the cold months of the year well slieltered and 
waim, the other exposed to cold winds and wot, will 
give very different results, and all in favour of the 
animal well sheltered. Cleanliness of the house in 
which the animals are kept, as w^ell as cleanliness of 
the animals themselves, should also be attended to. 
The important part played by the skin and its vessels 
in the animal economy is very much overlooked in 
practice. A hide loaded with dust and covered 
with dirt will keep the animal in a condition much 
less favourably inclined towards sound health than 
where the body of the rinimal is kept clean and sweet 
by being daily rubbed down with straw, and, in 
addition, well curry combed at least thrice in the 
week. The kind and quality of the food must be 
attended to, and to secure the utmost degree of 
economy in the use of these, the feeding time should 
bo kept up with tlie utmost regularity. Irregular 
feeding exercises prejudicial effect upon the fattening 
of the animals, inducing restlessness and uneasiness, 
which simply means loss of food, as does excitement 
of any kind. Hence the animals should be kept as 
quiet as possible, never over-driven or needlessly 
disturbed. It is therefore scarcely necessary to add 
that, apart from other considerations, “cruelty is 
costly.” Kindly treatment of the animals is therefore 
to be aimed at if economical fattening is desired. 
Tlie food should be prepared in clean vessels if cooked, 
and given to the animals in clean mangers. A goodly 
supply of pure fresh water should be secured ; and it 
is right to say that it is a growing opinion amongst 
good feeders that it is better to give a constant 
supply of water in the troughs than to adopt the 
plan of giving them occasional supplies. Opinion is 
divided as to whether the food should he given to the 
cattle cooked or in its natural state, and whether 
roots should be given them whole or sliced or pulped. 
We are in favour of giving occasional feeds of cooked 
food, and decidedly in favour of pulping — at least, 


slicing the roots and cutting the straw — mixing the 
roots with feeding meal. In using any of the condi- 
mental meals now so largely employed, and of which 
there are several in the market, it should be well 
mixed with the pulped roots and chaff. If cooked 
food is given, these meals should be mixed with it 
after it is put into the manger, and just before it is 
given to the animal. As animals frequently show a 
dislike to all sudden and marked changes of food, 
such condimental foods should be given in small 
quantities at first, beginning to use it gradually, 
increasing the quantity till the full allowance be 
reached, which will vary according to the condition 
of the animal. A great deal of discussion has been 
given to the question whether condimental or season- 
ing foods should be given, but it is only right to 
say that the belief in their great utility is becoming 
universal. Many who were once strenuous opponents 
of are now believers in them ; and certainly Nature 
herself teaches the lesson of their value, for “ season- 
ing ” plants abound in all our pastures and meadows. 

The Grazier's Monthly Calendar of Work. 

January . — As regards the management and care 
of young stock and store cattle, we laivo but little to 
add to the general remarks wliicli will be found in 
the month of 0(;tobor, — remarks which, with thoij’ 
attendant counsels and cautions, are applicable to 
all the trying winter months of the year, and thi- 
month is certainly not one of those which will test 
least the care, the skill, and we may say the ceaseless 
patience of the stock feeder; for without the last 
attribute or gift wo fear that he wdll show but a 
poor balance-sheet at the end of the agricultuml year. 
To the usual and general style of feeding for store 
cattle — namely, roots and straw — it will not be a 
loss if a daily allowance of oil cake be added ; and 
from the too often repeated meals of the one root — 
the turnip — a change occasionally to othoi’s, such as 
mangold-wurtzel, will bo beneficial. It is to be 
regretted that the style of farming usually adopted 
with us in this country does not admit of a much 
wider variety of feeding stuffs grown on the farm 
than is met with. Although to meet the demands 
of winter feeding is always more diflicult than that 
of summer, and this for obvious reasons, we still 
might, by a little study and attention, increase even 
the winter’s store. Thus parsnips and artichokes 
(Jerusalem), although as a rule but little esteemed, 
deserve to be highly so, especially perhaps the former, 
although the Jerusalem artichoke is a most excellent 
feeding root. Parsnips are highly valuable, and they 
possess, for this climate of ours, the inestimable advan- 
tage of being able to stand almost any degree of frost, 
as ii|leed artichokes also. Both are liked by all stock, 
and both are good as giving a change which we have 
shown to be beneficial. A capital food as an addition 
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to their usual food, of rather a cold and not very 
appetising kind, which young stock receive, is cut 
straw (oat is the most nutritious), pulped roots, with 
a gruel of linseed meal and bean meal — the linseed 
corrects the binding properties of the bean meal, 
which is a highly nutritious food — poured over and 
well mixed with the mass. The store cattle will be 
all the better for the same food ; but as some feeders 
will grudge them this who believe that this class of 
stock should never have aught else than cold raw 
turnips and hard wheat straw, many compromise the 
matter by giving it them occasionally, as children in 
old-fashioned times used to get amongst the labouring 
classes a cup of tea — so called — on Sunday evenings. 
Tn all cases salt should be added to all mixtures of 
food, and if this d(^ not form part of the food, but 
dry straw and roots be given only, a lump of rock 
salt should bo placed where the stock can get to 
lick it. Salt plays an important part in the animal 
economy, and this is shown by the eagerness with 
which they partake of it. 

Fattening cattle should have their food increased in its 
nutritive nature the nearer they approach the period 
when they get ready for the shambles. The dearest 
food is the cheapest ” for this class of stock ; dearness 
being of course supposed to include the best. Oil 
cake should form part of the daily food (from four 
^to six pounds daily), and this may be supplemented 
by othei* cakes, ns cotton-seed cake — really good arti- 
ficial food — the oil cake being lessened proportionately 
in weight as these are added. The locust bean may 
also be given, as also the common field bean, in the 
shape of meal ; the more frequent the changes, the 
better for the animal. As these and other foods are 
given, the roots will bo proportionately reduced ; and 
the colder the weather, the more frequently these are 
given in the sliced or pulped state, along with straw 
chaff, the better. The water must be of the best 
quality, and all the points already noted as regards 
housing must be attended to most txssiduously. 

February. — With young stock and store cattle, 
now as before, the great point to be attended to is 
to keep them in a constant state of progressive 
improvement, never allowing them to go back ” ; as 
if this is allowed the stock keeper will find it an 
almost impossible thing to get them forward to the 
same point ; for, as an eminent feeder has remarked, 
“All backening in young stock and store cattle is 
simply tantamount to permanent loss.” All the 
points, then, as regards feeding, which we have else- 
where detailed, must bo attended ^to witli rigid care ; 
and as regards shelter and due regard to warmth 
during the nights in severe weather, let the old pro- 
verb, “ As the day lengthens the frost strengthens,” 
be remembered. 

What was said in preceding month will apply to 


this, so far as keeping the animals from exposure to 
cold, damp, and wet, and especially to sudden changes 
of temperature — most prolific causes of complaints 
and diseases, some of which baffle even the cleverest 
of “ vets.’' Animals approaching the time when the 
butclier or siilesman will be calling for them must be 
pushed on with the best and most nutritious food, 
to give the best effects, of which, in addition to the 
rules already in preceding month noted, pay special 
attention to the condition of the health of the animals 
— a remark, we may here add, peculiarly applicable 
to young stock and store cattle. Give a variety of 
foods, and this will give a zest to them which will 
make them to be all the more readily assimilated ; 
and this will bo increased if a handful of condimental 
food be added now and then, no matter how much 
may be said against such by scientific men. Not a 
few of our practical men know their value, and act 
accordingly. It does not follow that they need be 
bought ; a clever feeder can make his own, and make 
it well, moreover. He ought to be independent of all 
extraneous sources as much as possible, and ho may 
be to a greater extent than he wots of by thinking 
a little and experimenting. 

MarcUy with its blustering winds, which ought 
to but do not always blow, and its “pecks of dust,” 
anxiously looked for by old-fasliioned and not a fow 
of the new-fashioned husbandmen, but not always got 
if ever measured, brings with it, or should, milder 
weather with its longer days, but it does not always 
do so. In its fitful changes, indeed, it may be taken 
as the representative month of spring, as October is 
that of autumn; and these try the patience and 
test the health of all varieties of live stock, so that 
special care has to be taken as to their health. As 
in October, so now, the occasional summer-like days 
tempt stock keepers to expose their animals somewhat 
too freely; and aiught, as they often are, by the 
sudden return of winter, which loves so often and so 
dearly to “ loiter in the lap of spring,” serious damage 
is often the rasult. Hence no wise stock keeper will 
do what unwise ones so often do — turn out the young 
stock all night. This is truly taking time by the 
forelock all too speedily, and the result will be, as a 
rule, most prejudicial to them. A good deal of their 
time may bo spent in the open air in the day time, 
so that they be not exposed to continuous rains and 
damp. If caught and kept out in wet, on their being 
brought into the house or sheds they should be well 
rubbed down with straw dry and clean. As regards 
their feeding and that of store cattle, the period of 
the year when farm produce in the shape of roots 
becomes scarce is approaching, and these should be 
economised .mi much as possible by the use of other 
feeding suDstances, such as named in other months. 
Now will be found the advantage of having a variety 
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of home fann produce ; and to those we have named 
ae helps to eke out the not always plentiful supply 
of turnips and mangolds, the only two roots which 
may be called the mainstay of the feeder — such as the 
parsnips and the Jerusalem artichokes — we may add 
the carrot, a root by no means grown to the extent 
it ought, considering its great feeding value and its 
keeping qualities. Tl»e potato also is esteemed by 
some feeders, although the most eminent feeder of 
the day by no means approves of the root for store 
cattle. For fattening cattle are weeded out, tliose 
ready for the butcher sold oflT, those becoming rapidly 
so pushed on with good food (see preceding months) ; 
while those which are drafted from the store cattle 
must be put upon more nutritious food than they are 
as a rule accustomed to get. The rule can never be 
too oft repeated as regards all young stock and store 
beasts : keep them gradually improving ^ never losing 
a single step of any advance which good feeding and 
careful management have given to them. 

Aprilf witli its ** showers and sunshine ” alter- 
nating with j>roverbial regularity or rather proverbial 
fickleness, is now pushing on the young pasture 
grasses, so that many stock feeders are tempted to 
send their animals into the fields. This is anything 
but good policy, not merely from the fact that stock 
will do better to be kej)t up — those which are destined 
to be fed on pasture — for some little time longer yet, 
with, of course, occjisional and more lengtliened runs 
outside in special pasture or exercising fields near the 
steading; but because more harm will bo done to 
the young and all too tender giu-sses by being trodden 
down and eaten up by stock at this early period of 
the year. Keep them out, then, for some time yet 
from pisture fields, till the grasses have made some con- 
siderable progress, and are well established. Greater 
loss is sustained by eating down early p^ustures than 
is generally thought of ; the land, moreover, is so 
soft from the wet of the preceding mouths, that great 
harm is further done by the stock trampling the 
yielding soil and crushing down the tender herbage. 
If any fields have made grejxt progress, it will be 
better and more economical eveiy way to cut it and 
soil the stock with it in the houses or sheds. Young 
cattle and store stock should have their allowance of 
roots and straw mixed with some oleaginous soup, 
so to call it. 

Fattening cattle should, in addition to turnips or 
such other roots as mangolds, have a supply of potatoes 
(for these as food see a remark last month), the 
roots being proportionately reduced in weight, say to 
seventy or eighty pounds, and potatoes thirty daily. 
To these should be added a quantity of oil cake, or a 
mixture of oil cake and meals of home-gi*own produce, 
or of foreign substances, such as locust beans, lentils, 
and Indian corn. The weight of these may vary 


from six to eight pounds daily ; the nearer the period 
for the knife,” the greater the weight given. All 
tliese foods are best given mixed with chaff, and either 
prepared os a meal or moistened with boiling water. 
In place of oil cake rye cake may be used (for which 
see remark in a preceding month). 

May, — This is the first month which may be said 
to bring with its genial weather considerable supplies 
—at least in the moie early districts — of green foods, 
to supplement and eke out the fast failing supplies 
of those, as roots and straw, which have formed the 
winter feeding stuffs. Autumn and winter sown 
.successional crops of rye and vetches will have come 
into use; and in the latter part of the month the 
pastures will afford a finn enough bite to enable some 
of the stock to be turned out. Great care will, how- 
ever, be requisite to accustom the animals gradually 
to the changes of f(X)d, for those from one kind to 
another, as from dry to green and luscious foods, 
are apt, if suddenly made, to give rise to various 
complaints. 

Young stock turned out to pasture when such are 
ready during the day should be brought home and 
housed at nights, and a feed of some nutritious food 
be given to them along with their usual feed of straw, 
chaff, and turnips, or other roots, before being housed 
for the night. 

Store cattle are now usually turned out to grass for 
the season, but as ‘‘sharp frosts” are often experienced 
during this month, it will be the wiser policy to house 
them for the night till the weather is fairly settled. 
It is but poor policy to lose what has been gained 
during preceding months by attention given to them 
through inattention and neglect now. 

Fattening cattle ready for market are despatched 
thereto, and the store cattle, w})ich have been gradually 
brought forward up to a certain point of condition 
by the feeding recommended, are brought in to take 
their pltmos in the yards, stalls, or boxes. With these, 
as with the other stock, if green food, as vetches, etc., 
are ready for tliem, due caution must be taken to 
accustom them gradually to the change of food. Many 
a good beast has been put greatly back, subjected to 
serious and indeed sometimes fatal attacks of disease, 
by lack of attention to this important point. 

June, — This may be said to be the first month of 
the new season during which stock are put out to 
pasture, or fed or soiled with cut green food in yard, 
stall, or box. The labour of the stock keeper is thus 
greatly reduced. Still idleness or rest forms but little 
part of his work, if the paradoxical statement may be 
allowed, as there is plenty to do if doing is cared for. 
Yo^g stock put out to pasture should be kept up 
in the houses or yards till the dew is dried off the 
grass, it is very prejudicial to their health to eat 
grass dew wet. 
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THE CABIITET HAEER. 

The Technical Details, and the Principles affecting 
THE Design op his Work* 

CHAPTER VI. 

Farther Praotleal Points on the Besigrning of Furniture. — 
Thinking out of the Purpose it has to serve — or its 
TTtiUty. 

Take, again, the case of easy chairs. So called l — for 
many are so made that they are by no means easy to 
sit on, or rather in. We say “ in,” for the idea whicih 
dominates the design of an easy chair is that of an 
enclosing space, within which space one sits to be 
thoroughly comforiablo, shielded at the ba(;k and sides 
from those draughts and cold currents whkih are so 
prevalent in even our host ventilated rooms, and in 
which one can lounge and be thoroughly at rest. The 
very same piinciple which dictates the position of the 
seiit of an ordinaiy chair, and which wo have en- 
deavoured to explain above, applies to an easy chair, 
— only with just so much the greater force inasmuch 
as, while an ordinary chair is not alwsiys used for the 
purpose of obtaining i*est, being often employed 
chiefly for convenience, as when sitting at table, an 
easy chair is really designed for rest and repose, and 
for nothing else. Its very size and weight preclude 
it from being moved about from place to place con- 
veniently. It is therefore, as a rule, kept in one 
place— generally at some cosy corner of the room — 
near the fireplace, round which Englishmen love to 
cluster. With the easy ehair, therefore, the idea of 
rest and repose is invaidably associated ; but it is 
not alw^ays so well designed that either one or the 
other am he obtained by its use. This arises from 
either a positive ignorance on the part of the designer. 
Or from carelessness in applying his knowledge, if he 
possess it, of wdiat are the true physiological fa'^ts 
which dictate what rest in one sitting or lounging is. 
Whether the cause of bad design be the one or the 
other of those named, ignorance or indiflerenw, the 
practical result is the sjime— bad work. We have 
shown that all strain thrown upon the limbs is 
antagonistic to rest of the body. The seat, therefore, 
should be such as that strain is taken off the limbs ; 
and this will be greatly effected by giving the eeat a 
backward inclimition. This should primarily be done 
by adjusting the relative length of the front and 
back legs, but it should also be 6ecui*ed by the method 
in which the chair is upholstered. Too many easy 
cliairs — we might say nearly all — are so upholstered 
that the front part of the seat presents the aspect of 
a little hill with very steep side sloping to the front. 
So that if one sits down, feeling an inevitable 
tendency to slide down or off the seat, a strain is 
thrown upon his legs to prevent the catastrophe of a 
descent to the floor. A little thought on the part of 


the upholsterer would obviate this unpleasant position, 
and would give a seat so made that on sitting down 
there would be a sense of repose in the mere stability, 
so to say, of the part sat down, so that the position 
once taken, one would intuitively feel that it could 
be retained without any physical exertion. The sense 
of unccitainty, the feeling that one will sooner or 
later have to move in order to adjust oneself to the 
seat, are thoroughly antagonistic to perfect rest and 
repose. There can be no true repose where there is 
movement or a dasire to move. 

The exercise of a little thought would obviate, we 
have said, any such inconvenience; but the misfortune 
of the matter is that this thought, however little of 
it may be required^ is not always, not often, given. 
Its exercise is neglected but too completely and too 
frequently in other points connected with easy-chair 
design. We have said that one characteristic of this 
piece of furniture is its having roomy space in which 
to lounge. But is this space always given with judg- 
ment? Enough is only required, but if too much be 
given the attribute of cosy shelter is lost in pi oportion 
to the excess. What, then, in practice do we too often 
find? A breadth of seat or width of space between the 
enclosing sides calculated apparently with the notion 
that two people are to sit upon it in place of one. 
This excessive width adds unnecessarily to the dimen- 
sions, .and therefore to the weight, and of course to 
the costliness of the chair ; and it is subversive of true 
comfort, which rofiuiros ample space only for easy 
movement of the body, but not wide vacuities which 
the body only of a giant would fill up. 

The Value of Thought given to the Beiigns of the Cabinet 
Maker, further and practically Exemplified. 

Bub if the wddth or breadth of easy chairs be exces- 
sive, what is to be said of the depth — that is, the 
length of the seat fi'om front to back ? We have seen 
that to get the repose which an easy or any other 
form of chair should give when one sits down for the 
purpose of obtaining rest, all strain should be taken 
off the legs, which is best done by giving the seat a 
backward tilt or slope. To gain rejx)se, the back of 
the individual must also be supported. For to sit bolt 
upright in a chair, however otherwise well designed to 
give rest to the legs, would scarcely be looked upon as 
rest or repose by a wearied man. Back support is 
therefore pecessary ; and this, while upholstered so as 
to be soft and yielding, should be so adjusted in its 
backward angle or slope as to be in harmony with the 
angle or slope we have seen to be essential for rest on 
the seat of the chair. But no matter how well de- 
signed the position of, or how comfortably upholstered, 
the back of the easy chair may be, what if the back 
cannot be reached without bringing into operation ccr- 
- tain strains upon the limbs which it is the very object 
of the designer of the easy chair to prevent ? We say, 
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“ if tho back cannot be thus easily reacked.” That* it in 
a difHculty so to reach it, and yet to keep the body easy, 
in many instances of easy chairs, requires but a little 
observation to see clearly. The depth from front to 
back Ls so excessiv^e in many easy chairs, that when the 
support for the back, which we have seen to be so 
desirable, is wished for, and the sitter sits well back 
to get it, wdiat is the result 1 In nine cases out of ten, 
taking the average height of men and the length of 
their legs, if the back of the sitter be leaning against 
the back of the chair, his legs are so drawn up that 
we have seen little men so sitting have them absolutely 
horizontal, their feet projecting outwards, and but a 
little way, moreover, fioni the front, so preposterously 
long was the seat of the chair fiom front to back. 
With men not absolutely little, but still not tall, 
their legs, though hanging down, still fall short of 
the floor; and even in the case of ordinarily tall 
men, such is the length of the seat that, when sitting 
fully back in it, their feet do not get a proj^er hold of 
the floor, so that a ceHain strain is thrown upon the 
limbs. To gain all the rest which such easy chairs 
^^'itll preposterously long or deep scats from front to 
back cun afford, one would require to be a giant of 
seven to eight feet in height. 

Hut while rest for the back and freedom from all 
strain upon the legs are requisite in a chair desoiwing 
of the name of ‘‘easy,” rest also for the head is 
necessary. To a wearied man, worn out with work of 
brain or body, or to one desirous to take “forty winks” 
before or after dinner, it is a matter of no small dis- 
appointment to find, on throwing back his head, that it 
falls, not upon a comfortable and firm resting-place, but 
upon the vacuity of space. Or if, to avail himself of the 
back of tho chiiii* so as to find a resting-place for his 
head, he finds that this can only be got at the risk of 
losing his seat ; for he has to throw himself so far 
forward that he is vciy nearly pushed off the secit 
altogethei*, and a strain is thus thrown upon his limbs. 
There must be but few of our readers who have 
attaineil mature years, very few indeed of those past 
middle life, who have not had experience of this 
kind. Ill an easy chair, thoi oughly deserving of the 
name, and capable to give rest to thew’hole of a man'g 
wearied frame, limbs, body and head, for which alone 
it is designed, provision is refj[uired for the rest of the 
head. The back should theiefore be high, at least in 
the central part, to alibi'd support for the head ; and th# 
designer should endeavour to armnge this part of the 
construction so that it will be a comfortable resting- 
place. What notion of the true oflBice of this part of 
easy-ehair construction can a designer have when he 
terminates the back of it with some bold projecting 
carved work, such as we have seen in easy chairs? 
Even n hard-headed man w'ould object to resting the 
back of his head on such a knobby or knotty surface. 


That the form of the back, or rather the outline of 
the upper part or edge of it, should be considered, is, we 
think, clear enough ; but it is not always, we may say 
with truth seldom so. ^ Wlxat is the condition necessaiy 
to be observed ? Obviously, rest or repose for tlio liead. 
How can that be secured if the wearied man who is 
trying to get “ forty winks ” is perpetually waking up 
at short intervals to bring up his head to the proper 
central point, which he wakes up to find sliding away 
down the steep and smooth sides of the convex curved 
outline or moulding at tho back ? It is obvious that 
if tho central part of the chair back and top be 
rounded— that is, if the back moulding bo formed of a 
pai*t of a circle or a curved line, placed so as to give a 
convex surface, there can be no real resting place for 
the head. An effort will always be required to keep 
it at the highest part of the curve, where stability 
alone can bo secured. Take, now, a ba(!k so formed 
that the central part will be a concave. This will 
naturally form a hollow part into which the liead will 
fall ; and if this concave part be proportioned to meet 
the average size of head, it will be so supported on 
either side as to give a real resting place to the head 
during the process of taking “forty winks.” 

In taking up the inquiry into the design and con- 
struction of chairs, which wo have now concluded, we 
warned the reader not to expect a like criticism on the 
design of other parts of furniture, Nor do we deem 
this necessary ; for at the same time we pointed out 
that our chief aim in entering upon tho inquiry was to 
show the young technical worker in and designer of 
furniture to think out all tho objects which each 
article was designed to serve, or which they should 
serve. This exercise of thought we deem to bo of the 
utmost importance, for upon it rests absolutely the 
hope and the work of the future. For when thought is 
given by the bulk of the trade we shall find that all the 
anomalies and “ practical absurdities and inutilities ” — 
to quote the words of an authority on the subject — 
at present existing in the furniture of our houses will 
cease to exist, or at least be very greatly modified and 
largely done away with. It is, however, not only 
necessary to have a desire to think over all the details 
of one’s calling; it is equally necessary so to think 
that the best results of thought will l>o obtainable. 
There are, be it remembered by the youthful techni- 
calist, tliinking and thinking : that is, thought well 
directed, logically used, and thought which is so ill 
directed and so objectless that it is practically little 
l)etter than dreaming, or castle-building in the air. 
Thought, to be worth anything, must be patiently, 

* d, as may be expressed, tautological as the term may 
, thoughtfully thought out. In work like that we 
have been considering, the faculty of analysis — of 
“ pulling a thing to pieces,” “ turning it inside out ” — 
is most valuable. 
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TEE OEOMETEICAL DEAXJGHTSHAH. 

Hl8 WOBK IN THE CONSTBUCTION OP THE FlOUEES 

AND Problems op Plane Geometry, Useful in 
Technical Work. 

CHAPTER XIX. 

ICetliodt of Describing the Oval {cmtintLed), 
Another method is shown in fig. 5, Plate CCXXXIIl., 
in which let a 6 be the length of the egg ; divide this 
into three equal parts in the points c and d] from 
point c, with c a, describe the circle f a g d. Bisect 
the distance dh in the point e, and from e as centre, 
with e d, describe the circle deh» Through the centre 
c of the large circle, draw at right angles to a 6 tlio 
line h i. With the distance a h, from the points 
f and set off to the points % and li. From A an<l i 

as centres, with A </, i f as radii, describe arcs joining 
the small circle h with the points f and g. 

Drawing the Curve of the Oval through Points found 
by Interieoting Lines. 

Another method is shown in fig. 99, in which a h is 
the length of the egg. Thvongh these points, at right 

I 



angles to a 5, draw lines c cZ, e /, and make these of 
unequal lengths and in any proportion desired, and 
join ce,df. Divide cedf into two equal parts in the 
points g and A. Divide b /, /A, each into the same 
number of equal parts, and number them in the re- 
lation to one another as shown. From the points in 
d h draw lines to the point a ; and from the points 


on a cZ draw lines to the point A. The intersections 
of these corresponding lines — as the line a 5 with the 
line A 5 — will give points, as the points i, j. A, I and m, 
through which if a line be drawn by hand or curve 
set,’' one-fourth of the egg will bo drawn ; the i*emain- 
ing three-fourths, as those between the points b g, g /i 
and c A being put in by a repetition of the process 
already described, and as shown by the dotted lines 
in the diagram. 

It will be observed that in the methods of describing 
what is called the ‘^egg-shaped oval,” as in tigs. 4 and 
5, Plate COXXXIII., the upper parts, as a d h, f a g^ 
are semicircles. In the true egg-shaped oval the two 
halves on the opposite sides of a line, as a 6, fig. 100, 
are equal, and symmetrical. The following metliod 
Avill give the curves of tliis form. Let«Z/, tig. 100, 

1 

V » 



Fi-. mo. 

be the shorter diameter or breadth, and cd tlie larger 
diameter or length, of the desired egg-shaped oval. 
These diameters intersect as shown in point m. Join 
the points hdyhe. From point ;a, with radius m h, set 
off to point e and f the longest diametoi*, c </. Make 
h gf h A, in hdjh c, each equal to the distance df or e c. 
Divide the distances d g, A c, into two ecjual parts by 
the bisecting lines k and I, cutting the diameter a h 
prolonged or extended in the point L From wi, with 
mi^ set off to point e(iual to mi. From tbe points, 
with mdius i b, describe the arc khl, terminating at 
points k and I on the lines iel, i k. From the points 
e and n, as centres, with n h as mdius, describe arcs 
Ic, kd. This will complete half of the figure. The 
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other half will be descnbed from centre ^ and centres 
c, n. The i*eader will perceive that this figure gives 
a very good approximative ellipse. 

Curves other than the Ellipse. —The Parabola. 

In the preceding chapter we concluded the problems 
connected with the ellipse, which we have seen to 
be one of the most important figures with which 
the geometrical draughtsman ha.s to concern him- 
self, connected as it is with such a wide variety 
of ** projections ” (see the “ Building and Machine 
Draughtsman in the practical work of mechanical 
construction of all classes. We now proceed to tlio 
consideration of the curves or curved lines known as 
the parabola and the hyperbola. The others, which 
we have in a preceding chapter named the cycloid, 
epicycloid, and involute, will follow. 

We have seen that the sections of a cone by lines 
parallel to its base are circular ; but that if the cutting 
line is obliipie to its base, the section is that of an 
ellipse. The section of a cone by a line parallel to 
one of its sides gives a curved surhice to wdnch the 
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name of the parabola is given. This curve is very useful 
in practical technical work, as what are called “ pam- 
bolic curves ” are frequently used. Tims in fig. 101, 
if the cone a 6 c be cut by a lino parallel to the 
bide, as d e, the section is the parabola e fg, A line, 
as i k, passing thi’oiigh tlie centre of the curve is 
called its “ axis ” ; the point i being the vertex, the 
greatest ordinate, as hjy which give.s the length of 
the curve from the vertex i, is called the “base.” 
All lines diuwn at right angles to the axis i k within 
the curve are called “ ordinates,” as /, m. The 
ordinate, as op, which passes through tiie focus n, 
is called the “ pammoter.” The distance i k, or that 
limited by the vertex i and k, the line of greatest 
oi*dinate, or the base, is called the “ abscissa,” the line 
qr is called the “ directnx.” All the points of a para- 
bolic curve are equidistant fi'om the f(x;us n and 
from the straight line or directrix q r, fig. >01. 

We deduce from this definition a simple mode of 
describing the curve of the parabola. Fix a iniler 
or straight-edge, as dd', fig, 102, along the line which 
should serve as the “directrix.” Place against tliis 


ruler one of the sides of the “ set-sqiiaro ” of 45^. 
At the extremity, c, of the other side of this “ set- 
square,” we attach a cord or strong thread, the length 
of which is equal to this side k c ; the other end of 
this thread is fastened to the point p, which is taken 
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as the focus of the parabola. If, then, K c is slipped 
or moved along the ruler holding the thread stretched 
against the side k c by means of a pencil M, tlie point 
of the pencil will describe the curve required. In 
this method we have, in fact, constantly m K = m F, 
since from the dispositions taken kmH-mc=m f + mc. 
It is, however, evident that we could not thus describe 
anything more than portions more or less extended 
of the parabola ; these portions will be large in pro- 
portion as the sides of the set-squai*e are long. 

The following is a method of finding a series of 
points through which the curve of a parabola may 
be dmwu by hand. From the point F, fig. 103^ 
assumed as the focus, drop a perpendicular p on the 
directrix d d'. Through a point m of this line draw 
a parallel to the directrix, then from the focus f as 
centre, with the length ni d„ as radius, describe an 
arc of circle which cuts this parallel at a first point, M ; 
this is pile of the points in the curve of the parabola 
required. If we drop m k perpendicular to the di- 



Fig. lort. 

roctrix, we have MK=mDQ, and consequently m k=m f. 
pile same arc of circle which we have just described 
furnishes a second point, m', situated below the line 
F and at a distance m' equal to m m. The line 
F is the axis of the curve, both sides being sym- 
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metrical to this. The point a is called, as we liave 
seen, the “ vertex '' of the parabola ; from the defini- 
tion of this curve we should have a — a r. The 
vertex of the parabola is thus found to be situated, 
at an ecpial distjinco from the directrix n D ' and the 
focus F. The distance f (fig. 103), from the focus of 
a parabola to its directrix, is called, as wo have seen, 
the parameter of the parabola. 

To find the Curve of a Parabola by means of Points. 

The following constructions will be found useful in 
finding the curves of parabolas produced under vary- 
ing circumstances. Lot a d, fig. 1, Plate CCXLVIII., 
be half of the base, and a h the height of the parabolic 
curve required. Draw h o parallel to a d. Divide the 
distance a d into any number of equal parts. From 
what has been siiid in the papers entitled “ The 
Building and Machine Dmughtsman on the drawing 
of curved lines, and to which the reader is here re- 
ferred, he will see that the more numerous the 
dividing parts are, the more accurate will the curve 
be. Number the points as in the drawing, making 
No. 1 nearest the centre line a h ; and from the 
points draw perpendiculars to the line b c. Divide 
now the height cd into the same number of equal 
parts Qjn ad is divided into — as four in the dmwing 
— and number them as shown, the 1 starting nearest 
the point c, so that the 4 on the line is nearest 
the 4 on the line ad. This relative number must 
be attended to, otherwise the result will be erroneous. 
From the points on c d draw to the vertex or 
apex of the carve 6 the lines as shown. Tlie inter- 
section of the line on cd with line 4 on aef will 
give a point e ; linos 3 with /, and 4 with g. Through 
these points dmw the curve as shown. The otlier 
half of curve may be found in the same way. Or the 
system of ordinates may be p.sod. Thus, from points 
e^/f y, on the curve, draw lines parallel to a c^, as e, I, m. 
Then from the points where these cut the centre line 
a b, as hfj and measure to points < 7 ,/, e, and set them 
off on ordinates, as e, I, m, to points i, ky m, and make 
a n equal to a d. Draw a curve through these points 
from b, terminating at n ; it will be equal and similar 
to the curve d ef y h. 

Another method is illustrated in fig. 2, Plate 
CCXLVIII., in which a 6 is the abscLssa, ac the 
diameter, and dCy a a double ordinate. Through 
point b dra w a lino f g parallel to base or ordinate d e. 
Divide ad into any number of equal parts, as four 
in the drawing, and from these draw lines to the 
point c. Draw /d^ge, parallel to a b, and divide those 
into the same number of equal parts as a is divided 
into ; and from the points draw lines to the point b. 
Number the points in fdyd a, as shown, and the inter- 
section of corresponding lines will give points as A, i,j, 
through which a curve to & is drawn ; point h being 
connected with point by a stmight line which oom- 
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pletes half of the parabola. The other half is put in 
as shown, or it may be found by means of ordinates, 
os in fig. 1 , Plato CCXLVIII. In fig. 3, Plate 
CCXLVIII., we also illustrate the adaptation of the 
same method to the finding of a parabolic curve : the 
double ordinate a e is in a ** canted ” or ‘‘ oblique 
line. The letters of reference are the same as in 
fig. 2, same Plate. 

In fig. 4, Plate CCXLVIII., we illustrate another 
method of finding the curve of a parabola, in which 
the diameter as a 6 is given, and the axis c d. Continue 
c d indefinitely towards e, and make d e equal to d c, 
Join a By be. Divide acybe each into the same number 
of equal parts, as six in the diagram, taking care to 
number them in the order shown. Thus the i)oint 1 
begins at the foot of the right-hand line, as b 
.and the point 1 on the lino a 0 begins at the top. 
Join now the correspondingly numbered parts, as tho 
point 5 on tlio line a c with the point 5 on the line ab^^ 
4 with 4 ; the line from 3 goes right across from the 
line a e to the line 0 b, the point 2 on the line a e joins^ 



with the point 2 on the line a b, and 1 with 1 , The* 
intersections of these lines give points through which- 
the curve is drawn. These joined by a curved line 
beginning at point a, going round by dy and termi- 
nating at by will give the curve of the parabola re- 
quired. 

The Carve known ai the Hyperbola. 

The “ hyperbola,” like the parabola and the ellipse, 
is a section of the cone : while the ellipse is produced 
by a line cutting the cone oblique to its base, and the 
pambola by a line parallel to its side, the hyperbola 
is produced by a line, as / e, fig. 104, pamllel to the 
axis, a c, of the cone bad. Or it may be produced 
by any other line, as I m, provided always that if 
that line were produced it would cut the side of the 
cono opposite to it also produced. Tlius the line I m 
cuts the side d a pi'oduced in the point n ; and as the 
line e f produced cuts the side b a produced in the 
point gy the line cutting the cone, as e /, is called 

23 
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the “ axis of the parabola, tlio line or base i h the 
ordinate, e f the abscissa, and that part, as f of 
the line from / to where it cuts the opposite side of 
the cone produced in the point is called the tnins- 
verse diameter ” ; all linos drawn within the curve at 
right angles to the axis are called ordinates. The 
“centre” of the hyperbola is a point midway of the 
transverse diameter, or the point midway between the 
points f and g. 

The usual and most simple method of finding the 
curve of a liyporbola so closely resembles that adopted 
in the case of the parabola that the curves may practi- 
cally be said to be identical. In fig. 1, Plato CXLVJ 11., 
there is shown a method of finding a hyperbolic curve, 
the ordinal s a c, the axis a h, and abscissa or height of 
the curves* h being given. Through h draw hd parallel 
to a c and d c pai allel to h a. Divide a c into any num- 
ber of e(]nnl parts, as five in the diagram, numbering 
them from point beginning with 1. Divide also d, c 
into a similar number of equal parts, numbering the 
points so that the point 4 will be nearest the point 4 
in the ordinate a c. Through the points on a c draw 
lines parallel to h a, and from point h lines through 
the points on d c. The intersection of the cor- 
respondingly numbered lines will give points, as 
e, L fff through which, if a curved line be drawn, it 
will give the lialf of the curve. The other half can 
be put in in the same way. But the simplest method 
i.s to carry over from the points, as e, /, g and /i, 
ordinates cutting the central line, a 6, in points 
i, k, m, 0 , From point i, with distance ^ h, set off 
to pointy on line ej ; from point k set off k I, equal to 
k g ; from point m set off m n, e(iual to m /; from 
point 0 set off ojt?, equal to o c ; and make a q equal 
to a c. Points are thus obtiiined tlirough which the 
curve will bo drawn. 

The Curve known as the Cycloid. — Method of Describing it. 

Tlie cycloid is a curve generated by a point in the 
circumference of a circle which rolls along a straight 
line. The head of a nail, for example, projecting 
from the tire of a carriage wheel which is rolling 
along a level road describes a curve in space which 
is the cycloid. The curve commences at a point in 
the level line where the diameter of which the point 
is the lower extremity is at right angles to the line 
as the line of road along which the wheel is rolling, 
and the curve is concluded when the point assumes the 
same position in relation to the road or level line, 
after the circle or wheel has completed the revolution ; 
the length of which distance, 6 c?, fig. 1, Plate CXLVIll., 
is e(]ual to the circumference of the circle. This relation 
of the length of the plane or level line to the circum- 
of the circle gives a method of describing the 
cUi^^os follows : — 

Lot a fig. 1, Plate CLXXVII., be the dia- 
meter of the rolling circle. From the point b draw 


at right angles to a 6 a line, 6 rf, and make it 
equal to the circumference of the circle a h c. If 
the line h d is made equal to eleven of the seven 
parts into which the diameter a h is divided, this will 
approximate nearly to the circumference of a b c. 
Next divide tlie distance b d into any number of 
equal parts — say eight, as in the drawing. From 
these parts, as 6,/, g, A, etc., draw at right angles to 
b d lines, as d e, m, cutting a line c m I, drawn 
paiullol to h d through the centre c of tlie circle c h a. 
Next divide the semi-circumferonco, n h ot the 
rolliiig circle, a b c, into the same number of equal 
parts as the distance b d is divided into, as in the 
points p, <7, r, s, ty and v. Next, from the points on 
the liiH) c ly as /, etc., describe circles of the several 
diameters, equal to a b c. Next take in the com- 
passes the distance n py and from the point e on 
the line b d cut with this distance the circle, the 
centre of which is at m on the lino c l\ the point of 
cutting is at w. Then, with tho distance n r/, from 
the point / cut tho circle deiscribed from tlio centre 
d in the point x. N('xt take the distance n r, and 
with it from the point g (on the lino h d)y cut in tho 
point y the circle desciibed from the centre v! (on 
the line c 1). Next, Muth the distance n Sy from the 
point h (on the line b d) cut in the point z the circle 
described from tlie centre f* (on the line c 1^. Next, 
with tlio distance n ty cut in tho point a' the circle 
described from tlie cent re (on the lino c 1). Next, 
with tlie distance n Uy cut in tlie point U tho circle 
described from the centre h' (on the line c I). Finally, 
with tlio distance n r, cut in the point d the circle 
described from the centre ; on the line c Z a sf'i ies of 
points, as d, w, x, y, z, d b' c', will thus be obtained, 
through which by hand or a “ sot curve” the cycloidal 
curve may be drawn. This will give half of the 
curve due to the revolution of tho rolling circle, a h c, 
The whole curve will be terminated at a point to the 
left of the point by equal to distance h d, and the 
various points of the curve will be found hy a repetition 
of the operations on the right-hand side of tho lino 
a by named above. 

Another Method of desoribmg the Cycloid Carve. 

Anotlicr method of finding a seiies of points through 
wliich a cycloidal curve may be drawn by hand is 
illustrated in fig. 2, Plate CXLVIll., in which abo 
is the ixilling circle and bd the line on which the 
circle rolls. At right angles to h d draw tlie diameter 
he a. Divide the seniicircumferenco into any number 
of equal parts, as eleven, as in the drawing in the 
points fy gy hy t, jy A, /, m, n and o. Then from b, on 
the line b d, set off the same number of equal parts 
las at the points p, qy r, ty Uy v, w, x and y. Next, 
from these draw at right angles to h d lines, as p Zy 
q a\ r b'y s dy etc., cutting the line cy, drawn through c 
parallel to b d. 
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THE SANITARY ARCHITECT. 

The PiiiNCirLEs and Practice of His Work, in Healthy 
House Arrangement and Cons ruucTioN.— T echnical 
Points of Heweraoe and Drainage, Ventilation, eto. 

CHAPTER XI. 

In following up the subject of the practical points 
connecled with the materials used in the construction 
of drains, begun in the last paragraph of preceding 
chapter, we have, in connection with the drain tubes 
made in various forms and dimensivins of earthenware 
glazed or vitrified, stated that they have largely, 
practically wholly, superseded the old forms of brick 
built drains. As compared with these, the new tubes 
oiler this enormous gain in oliiciency : that i hey are 
water- tig] it, so that wliat is passing tlirough any part 
of a tube cannot pass out from it through its exterior 
surface, and penetrating the soil surrounding it, X'^^r- 
colate or soak through its x^^^-rticles, thus making it, 
in process of time, a mass of soil cither partially siitu- 
rated witli sewage so as to be damp, or so nearly 
saturated as to be scrni-li<xuid and in a condition very 
little better than the sew'ago itself, wliieii it is the 
ollice of the drains to convey away from the house*, as 
fast as iiossiblo. This state of matters, as regards the 
filthy condition of the soil surrounding a drain, was in 
many cases the normal or regulai* state of brick built 
drains of the old times, used universally, and to a large 
extent used still. This arose from the structural de- 
fects of this form of drain, by which in the first place 
there was a great difileulty, almost an impossibility, 
to get a form by which the quick conveyance of the 
sewage away from the bouse was secured, so that the 
sewageoften lay in what might be called an elongated 
stagnant xiool in the inside of the defectively formed 
drains. In the second jilace, tlieir structural defects 
made it an almost equal impossibility to have tlie 
drain made water-tight, so many joints being of neces- 
sity existent even in a comparatively short length of 
drain. Tl)ese two grave defects in brick built drains 
gave rise to the condition of soil suiTOunding them 
above noticed ; and when we consider the fact that 
they were of necessity made for part of their length 
immediately in contact with the house, a system be- 
came established which it is impossible to conceive of 
being worse. They were, indeed, often carried through 
or across the house, being led immediately under the 
floors, not merely of the passages or lobbies, 'which 
was bad enougli, but under those of the living rooms, 
which was infinitely worse. We may form some 
notion of the sanitary evils which arose from this 
cause alone. 

So great were those evils that the most earnest 
attention of our medical men and those connected 
with the health of the population was directed to the 
subject, with a view to overcome and remedy them. 


The difliculty, liowever, was not so easily met at the 
first stages of the agitation, if so this new sanitary 
movement may be termed, inasmuch as no means 
oflered themselves, or were apparently likely to oiler 
themselves, by which the mechanical or structural 
difliculties of bi*ic?k or stone built drains could be ovtn-- 
come, and that was where the main difficulty lay. Nor 
was it lessened by the fac.t, then as now unfortunately 
existing, that through the carelessness of the workman 
who constructed the brick drains the inherent evils 
connected with them were multiplied and intensified. 
Fortunately, however, coincident with a very early 
stage in the history of the sanitary movement, a dis- 
covery or application of old materials to a new x)urx)ose, 
and worked out by a new, ingenions, and thonjughly 
efiective metliod, was brought before the world, w hic-h 
solved the difficulty. Need we say that this was the 
use of clay numlded into ibo form of the tubes we 
have just referred to, and then vitrified or hard-luirnt 
in a x>eculiarly arranged furnace or kiln, and which 
gjivcto ourarcliitocbs, builders, and sanitary engineers 
the» modern “ drain-tube 

'8o remarkable were the results of the use of this, 
and so satisfactory in a sjuiitary sense were they that 
the idea became almost universally, or at least popu- 
larly x)revalent, that the new drain-tube system of 
sewage x^ossessed no faults. We shall see x^resently 
whether tliis was or is true or not, or wlu.*ther it is 
not even now, wlien we should suppose that the ad- 
vance made in the arts would liavo secured almost 
absolute X)erfcction in their use, that we have mutdi 
yet to learn in the matter of the use of the modern 
drain-tube. The truth indeed is, that, even when 
made in the best form or shnx^c, made of tlio best 
material, and laid in the most careful fasliioii, the 
tubular system of drainage has its own peculiar de- 
fects, which are to be met or provided for in certain 
special ways. What those are, has alieady heou 
liinted at in a general way, but will be 

sX)eidally described. 

AVe Jiave said that, from the condition of the 
emx)irical or rule-of-thumb practice of former days, 
house di’ainage, considered as a complete system. Iris 
taken the higher x>osition of an art, details of which 
are based on the strict and accurate deductions of 
science. So far as the dealing with the liquid portions 
of house sewage or the refuse of domestic and trade 
opeiutibns is concerned, the department of x>hysical 
science upon which its piuctice is based is that of 
hydraulics, that of pneumatics being called in to 
decide all points connected with the treatment of the 
gaseous emanations arising from the sewage. BotJi 
a.re, indeed, more or less intimately intermingled, so to 
say, and the principles of both have to be considered 
before perfection in practice can be secured. The 
various scientific points involved in the whole subject 
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possess ‘ such practical value, ? ot merely in direct 
relation to its practice, but :o that of other important 
technical work, such as forms the subject of aepamte 
papers in this work under the head of the “Land 
Drainer,” that space will be here usefully devoted 
to a somewhat detailed account of them. 

The points connected with the department of house 
drainage now under consideration — namely, the mate- 
rials of which the drains are constructed, the shape 
or configuration which is given to them, and the size 
or dimensions best adapted to do the work required 
of them under special circumstances — are so closely 
concerned with each other that it will be most 
convenient to consider them as forming but one 
subject. Thus the size or dimensions of a drain are 
dependent very much upon its form or shape, and 
this is dependent again to a large extent upon the 
material of which it is constructed, while in the third 
place the calculated results of size and shape or form 
are greatly influenced by tho circumstances of the 
laying down and the construction of the drains. 

• 

Materiali of which Brains are made— Brick Construction. 

So far as the materials of drains are c n corned, 
we have pointed out that in the modern or closed 
system of house drainage two classes or three are 
used — brick or stone and the earthenware tubes. 
To these a third, namely wood or timber, must be 
•added here, inasmuch as in colonial districts that 
material is now and will for long be largely employed 
in drain construction. And as our work will largely 
and directly circulate in the United States as well as 
in our own colonial possessions, and will be read by 
many at present in this country but who may here- 
aftei* emigrate, it is necessary here to take note of 
this material for house drain construction, all the more 
that our notice of its application may convey definite 
information on some important points applicable to 
a wider variety of w^ork. As regards the use of brick 
as a material for drain construction, special notice 
must be taken of it, inasmuch as it is still largely 
used even in this country, and as a material in advance 
of timber or wood largely in the United States and 
in some of our colonies. And in pointing out the 
chai^icter of the defec'tive work so often done in this 
material, we may be able to give some hints as to 
how more correct construction may be obtained with 
its use. It would at first sight appear that brick 
possessed the attributes of soundness and durability. 
But this must be taken with tho reservation included 
in the phrase ‘ There are bricks and bricks.' Gk)od and 
sound bricks there are which will be durable enough 
in drain construction ; but there are bricks made 
which possess the chief attribute in the estimation 
of some — namely, cheapness — but which being cheap 
are worthless just in proportion as the point of 


excessive cheapness so much desired by some is 
approached. It ought to be a maxim with all 
builders that cheap bricks should never he used in 
drainage work, which of all work connected with a 
house ought, in view of its health importance, to be of 
the soundest and the best. Some bricks are so poor 
in quality that they crumble away or bi*eak oft* in 
pieces even in the setting ; and if not so bad as this 
are quite bad enough to decay, so to say, with great 
rapidity under the conditions in which they are placed 
in dminage work. If bricks, therefore, be used for the 
making of diains, as they will in many places still be 
used, especially in rural districts and in many parts 
of tho United States and the Colonies, it will bo 
specially necessary to use bricks of a sound quality, 
good hard burnt, clear ringing bricks when struck 
with the trowel. While the strength of a brick 
individually depends upon the way in which it is 
made, and a sound brick is an important factor in 
the getting of a drain calculated to resist tlio pressure 
to which it is subjected, this strength is of course 
mainly obtained by the form which the drain assumes 
when the bricks are in pla^e. Some might suppose 
that drains of any kind would not be subjected to any 
great pressure w^hen placed in the ground — at least to 
that which would crush them in and destroy their 
form. In many situations this will no doubt bo the 
cjuse ; but in others, where there is traffic of carts or 
the like, there is danger of the continuity of the drain 
being destroyed by its giving way in some part under 
the heavy pressure of a cart, oven though that be 
not often taken over the surface beneath which it is 
placed. Even in some private houses there are drains 
laid under roads over which heavy carts are occasion* 
ally passed. And a dmin which may escape at one 
time from this danger may not at another, from 
some peculiarity in the condition of the soil. We 
have known brick drains — and tho remark applies to 
tubular drains as well — broken up at more than one 
place in conwsequence of heavy carts passing over 
them, and only occasionally. In many cases heavy 
brick drains (and even the smallest-sized are pretty 
heavy per yard-run) are placed or bedded in soil so 
yielding and treacherous, some parts more than others, 
that unequal settlement is sure to take place ; and if 
this be not the cause of the drain being wholly broken 
up in form, it is almost certain that in course of time the 
continuity of the drain will be destroyed, as illustrated 
in fig. 1, Plate CLV., this showing in an exaggerated 
form the effects of unequal settlement of the soil at 
points below a and h, causing open joints as at a and c. 
E^ggerated as the effects of this cause of injury to 
bAk drains are shown in the illustration, cases as bad 
or nearly so are to be met with in practice. Even 
where the soil is so solid that little fear of a great 
depression or sinking of it may be entertained, still 
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an undue strain or pressure may be thrown mere upon 
one part than another by a careless mode of preparing 
the bed or foundation of the drain, leaving hollow parts 
in it, as at d and e in fig, 1, Plate CLV. In this case the 
bricks bridging over these spaces depend wholly upon 
the goodness of the mortar ; and when this gives way 
as it will sooner or later, according to circumstances 
and the condition of the sewage matter passing through 
the drain, the bricks will give way and separate at the 
joints, thus destroying the integrity of the drain as a 
continuous duct. One would suppose that defects in 
the foundations so glaringly bad as we have here 
illustrated would not be met with in practice ; but as 
there is scarcely a way in which construction should 
not have been done but what is met with in the 
practice of drainage, it is scarcely necessary to say 
that defects of the kind we have noted are, at least 
have not been, uncommon. 

Construction of Drains.— Form or Section. 

Tliese, and similar defects in the foundation of 
drains, are common to all forms, and however good 
the drains may be in brick construction, will seriously 
affect their strength to resist x'l^ssiire. The mere 
form or shape has, however, the greatest influence 
in this regard ; and it is worthy of note tliat the very 
worst forms wliich could have been fixed upon were 
those used in the groat majority of instances during 
the period of house drainage history or practice when 
brick was the only material — save stone, and occa- 
sionally timber — used. The remark applies even yet 
to a large percentage of brick drainage practice, 
although it is perhaps more true of American and 
Colonial than it is of British practice. There was thus 
to be said in extenuation of the practice, so common, of 
using the worst forms of drains — namely, that they 
could be much more quickly and easily constructed 
than those more correct forms wliich a knowledge of 
construction dictated. Thus, it is obvious that the form 
shown in diagram A, fig. 1, Plate CCXXXVIII., could 
be more quickly constructed than the corresponding 
diagram in fig. 2, same Plate ; the one would require 
a higher degi^ee of skill tlian tlie other, and would, in 
consequence, he grudged where cheap was thought more 
desirable to be obtained than good work. But it was 
long before the art of drainage had so advanced that 
good forms, such as in fig. 1, were met with in its practice. 
The bad ones, such as in diagmm a, fig. 1, reigned almost 
supreme ; this form here illustrated may be said to 
bo the pr imary or elementary form in which the house 
drain appeared. In design it is hut one stop in advance 
of the simple rut or open channel adopted by the 
earliest of house drainers. Tlie square form, where 
any body is subjected to pressure, is the weakest 
which can be given to it. The reader will tlius per- 
ceive that the form cf brick dr ain shown in diagi-am A, 
% I, is the weakest whiclr could bo adopted, liable 


to clianges in its configuration by unequal pressures. 
Any defect in the bed or foundation such as we have 
already pointed out, acting, for example, as at a 6 c in 
diagram b, fig. 1, Plate CCXXXVIII., wUl obviously 
throw out the lines of the sides, as shown by the dotted 
lines. As the square form is the weake.st, so is the 
circular the strongest, in which a hollow body can be 
made. Any approach to the circular in the shape of a 
brick drain will, in i>roportion, give to it a capability 
to resist external pressure put upon it, the evil results 
of which pressure will always be aggravated — in many 
cases, indeed, will be brought into play — by any defects 
in the foundation or bedding of the drains such as we 
have described in connection with fig, 1, Plate CLY. 
Thus, the form illustrated in diagram o, fig. 1, Plate 
CCXXXVIII., will be stronger than the form in 
diagram A ; but, strong as this form is as compared 
with A, it possesses its weak points, and its integrity 
is apt to be injured by defects in the foundation r 
bed in which the base bricks, d e, rest, the straight 
parts, as//, of the sides being the essentially weak 
part of the drain. By reversing the position of 
the curved part of the drain, placing it at the lowest 
point, os in diagram A, fig. 1, Plate CCXLTY., wo get 
a we^iker form than in diagram c, fig. 1, Plate 
CCXXXVIII. We shall presently see the effect of 
form or shape either in rehirding or facilitating the 
flow of the liquid sewage along and through the drain ; 
and how, while the form in diagi’am a, fig. 1, Plate 
CCXLIV., considered as a construction, is .not so good 
as that in diagram c, fig. 1, Plate CCXXXVIII., it 
is the better form of the two so far as its hydraulic 
principle is concerned. It is only when we carry out 
the principle of the curved form for a hollow body 
completely that we get the strongest form in which a 
brick drain can be made : this is illustrated in diagram 
A, tig. 2, Plate CCXXXVIII. ; and in another form, 
as in diagram c in the same figure, the curved princi- 
ple of formation is also adopted. The relative 
hydraulic values of those two forms will be explained 
presently. 

Brick ConBtruotion of Draini. 

In our statement of the points of the “ standard of 
perfection ” in drain construction, we named as one of 
them that a drain should be impervious to water — in 
other words, when finished it ouglit to bo waterpi'oof, 
and should be so constructed that it will remain so. 
The necessity for this constructional pievision will 
be obvious fi^om what we have said as to the nature 
of house sewage, and how imperative it is, from a 
health point of view, that it be not allowed to gain 
access to the soil, soaking into it and rendering it 
merely a deposit or resting-place for matter which will 
send up to the surface dangerous gaseous products. 
I^ow, if the bricks be good in quality, each per se is 
impervious, but from the very nature of brick con- 



28G 


THE SANITARY ARCHITECT. 


ytruction, so many individual or separate parts are 
required to complete a given length, that a very great 
niimher of joints must of necessity he made. And 
unless each joint be made what woi’kmen toclinically 
call “ good/' it is obvious that the defective joint, 
wherever existing, will be an outlet for the liquid 
sevage to escape by. A brick drain, to be perfect in 
this respect, therefore, must have the best possible 
woikmanship given to its construction ; and not only 
this, but the very best materials must be used. How 
great are the chances that this is not done, those who 
know what an extent of dcfecti\ci and in many cases 
utterly ba<l work is given will easily understand. 
This defective and bad work arises, not merely from 
the carelessness w’hich many workmen display at all 
times, but also from the desire of all paities coiurerned 
to have clieap w’ork done. Kot only, therefore, must 
the foniidation be good and the bricks evenly laid, hut 
the mortar used must be of the very best quality. 
In too many cases the desire to save expense prompts 
hniklers to use mortar of such wretched quality that 
it has scaicely cohesion enough to keep the bricks 
together even when lying in the circumstances most 
favourable to their retention of place or position, but 
it utterly fails to keep the bond of the bricks wdien 
these are subjected to any undue pressure arising 
eithei’ from defects in the foundation, as in lig. 1, 
Plate CLV., or in form, as in diagjam A in fig. 1, 
Plate CCXXXYJIl., and fig, 1, Plate CCXLI Y. And 
tlie evils ansing from the m e of poor mortar do not 
end Lere. As used to make the joints gocxl," it is little 
better than a pure mockery; it has the appearance 
only of giving a good joint, for it may be said liteially 
to melt or be wasted out, leaving tbcj joints, more or 
less in proportion as this is done, open, this afTording, 
even in ashort length of drain, a great number of outlets 
for the sewage. Ho far as the form of brick drain 
illustrated in diagram A, fig. 1, Plate CCXXXYllI., is 
conceincd, wdtb all its faults it does possess this 
constructional advjuitage, that the bricks being placed 
parallel to one another, they lie close together over 
the extent of their faces or beds,” so that the joints 
are more easily made good w ith the mortar. But the 
case is difierent whenever the curved principle is 
applied to the form. According to this form, the 
bricks more or less wholly lie in diverging lines; and 
being in themselves parallebfaced, the joints are no 
longer parallel, as shown by the daik part in dia- 
gram E, fig. 1, Plate CCXXXYllI., hut become 
angular, as in diagram f. How^ such forms of the 
joints facilitate the creation of the evils arising from 
joints act ing as channels for tlie passjige of the sewage 
fi’om the interior of the drain when good mortar is not 
used, may be illustrated in the diagrams d in lig. 1, 


Plate OC’XXXYIII., b in fig. 1, Plate CCXLIY., 
and B and r in fig. 2, Plate CCXXXYllI., which give 
parts of the cui-ved surfaces. And all these defects 
are aggravated when the foundations or bedding of 
the bricks are not good, as in diagrams A and B, 
fig. 1, Plate CLY., and fig. 1, Plate CCXXXYllI. ; 
or when the earth or soil is not well and carefully 
ramnjed all round the curved parts of drains formed 
as in diagrams a and c, fig. 2, Plate CCXXXYllI. 

When brick is used for the construction of drains 
the reader w ill perceive that the host materials, the 
best workmanship in the adaptation and use, and 
the best foundation must be given, if good drains are 
wished for. It may, indeed, be taken as an axiom, 
that bad work is the dea]*est ; for the diains w liicb it 
gives are 'worse than useless for the end in \\v\y, since 
tliey are a dangerous delusion, giving the idea that 
drainage has been carried out, w'hile they hviug about 
a condition of matters in reality as unherilthy — some 
authorities say more so — tlian if there wxa e no drainage 
at all. In this last case one negative advantage 
would, at least, be obtained : one would know* w’liat, 
or rather what not, to expect. But when woi-k is 
supposed to bo done w hich is not done, one naturally 
trusts to the arrangement as being efticieut while in 
reality it is the reverse. If the proverb bo true that 
a man forewai-ned is Ibi’earjned, it is not the less tiaie 
that it is bettor for a man to know absolutely that ho 
has not got a thing than to be deludf‘d into all the 
danger of believing tliat be lias it — and is tljerofoie 
safe — when he has not got it. When tlie foundation 
soil is treacherous and uncertain, if good hard ramming 
of it will not give a firm bod, the only safe way is to 
lay the bricks npon a bed of coiici ete, as sbow^n by the 
dotted parts in diagiams a and n, fig. 1, Plate CLY. 
In th.e case of the square drain in A, it will be rendered 
all the more liquid-tight if the concrete bo brough.t a 
little up the sides, as to the points a and sufiicituit 
to secure a w^ater-tight hex] for tho lowei* part of the 
drain. Tho same Avill be secured for the joints of the 
lower part of tlie circular drain in diagram B by 
bringing iq> the concrete on each side, as at c d. 

Another point in the standard of perfection of 
drainage w^ork W’’hich we have named is this, — that 
tho drain shall tlironghout its surface be smooth, 
entirely free from all projecting parts. The effect of 
all ])rojections in rctiirding tho flow of the liquid along 
the interior of the drain is very decided. This is so 
even in the case of pui‘e or comparatively pure w*ator; 
but the evil arising from obstructions is intensified in 
the case of house sewage. This is invariably largely 
provided with solid and semi-solid substances, and 
gre^ or fatt}^ paiticlcs form a considerable per- 
ceiMgo of those. 
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THE COTTAGE AND THE VILLA GARDENER. 

The Leading rmNciPLES and Practice op the Abt 
OP FAMiLY Gardening. 


CHAPTEIl y. 

Vegetable Marrow (^rimtinvrt?). 

In concluding our remarks under the head of the last 
paragraph in preceding chapter, we have to remark 
that one of the most succ*essful gi’owers of this capital 
table vegetable — for which a i*eady sale could be 
secured by the cottage gardener -adopted this plan. 
The shelter a/lTorded by the ridges, and also by the 
leaves of tlio potatoes, which get pretty well de\ cloped 
by the time the marrow ” plants are pricked out, 
serve to favour the growth and develo2)niont of the 
marrow, which under this style of cultivation seemed 
to us always to ‘‘ fruit ” better than when grown in 
the usual way on a hotbeih 

Importance of the Scarlet Banner as a Food Crop for the 
Cottager. 

Tt is worthy of notice Ikto, and suggestive of some 
practical thoughts, that as a rule, throughout Scotland 
scarlet runners take no i)lace in gai*den cropping. 
So unknown are the pods as articles of food, that an 
amateur flower gardener, and one of the most successful 
the writer has known as a mere amatour, and a man 
of odii(?atioii witlial, on being asked l)y him why he 
did not grow them for food, re])lied that 1 k> never 
could think of suc;h a thing, as they Avero, if not 
absolutely poisonous, very unhealthy, lie was quite 
surprised to hear our statement of the utility of the 
crop — its beauty, and above all the delicious dishes 
the pods aflbrded. Tliej't^ is luithing, indeed, which 
surpl•i^;os an English amateur — or, as we may call 
liiin, a family gardener — more in connection with 
family gardens in Scotland, than the very limited 
list of crojjs (cultivated, as coin])ai*ed Avitli tl)osi^ form- 
ing part of every well -stocked garden in the south. 
Some even of those mod. esteemed by the English 
family gardcncj* are indeed quite “ consjucuous by 
their absence ” — to wit, the scarlet ruinior which has 
pronqitod these remarks; herbs, or savoury jdants, may 
also be cited, as affording an illustration in point. 

Taking this crop of scarlet runners as a very im- 
portant one for the cottage gardener — who, if lie has 
any to spare, can always as a rule find a market for 
them — it may, however, he said that, failing this 
market, his family could not use the largo jiroduce 
obtained from this method of easy and clicaj) cultiva- 
tion of them which we have recommended. But 
should tliis be the case so far as the green pods are con- 
cerned, another use can be had f(^r the beans. Allowed 
to ripen, seed will not only be secured for the next 
season, but the oveiqdus will form a capital .stock f<.r 
winter dishes of boiled beans. The “ white variety of 
the crop, to which the name of scarlet runners cannot 


well be applied — cx(*e])t on the principle of ticus a 
non liicendo, scarlet Ivccause they are not so — give the 
well known white beans winch are so often had in 
Franct‘, and calleil by the French haricot beans. 
Cooked in tbe way we generally co^ik thest» beans — and 
ibo scarlet vari(‘ty, affording variegated and coloured 
bt'ans, may also be classed as “ haricot ” — we do not 
wonder at t lieir not being a favourite dish with us. 
But cooked as the French cook them, well boiled till 
they are (juito soft, and served up with a jmpiant whi^e 
sauce, they make a veiy toothsome dish. While on 
this j)oint of cooking, we may obsmac; that as a rule 
in this country ilie green pods, even, are not done 
justice to. Our cooks .sati.sfy themselves by (*utting 
the 25 ods into two or three, or 2x'i-‘ba2rs four pieces. 
N( 3 w, the full fla vour of the 2>od can only bo obtained — 
and this remark ap]>lies (‘<jually to the pods of the 
“kidney or dwarf kidney bean" — by cutting it into 
vei-y small 2^ieces, so small that they may he said to he 
minced. As to which of these methods is t he best, 
let the reader try before deciding. If ho has any 
taste at all, we have no hesitation as to which of the 
methods of preparing the pods lie will prefer. 

Lot us glance at another 2>la.nt — the “ Indian cress." 
This is generally grown merely as a flower, and some 
of the varieties are very hcautiful, even gorgeous in 
colour ; hut capital 2>ickles can he made of the see'd 
2K>ds, AA bile a h af or t\v() cut njj small is tliought by 
many to bo a pleasant addition to a 

salad. 

Soil of the Garden. 

Having in the preceding paragraphs opened up the 
genera] subject, and draAvn attention to several points 
connected with the cottage garden by which the most 
can* be made of it, not only as a source of food su2qfly 
for the cottage family, but, Avhere larger sjiaco is 
2 )ossessed than is always met witli, a source of 2 >n)fit 
may be obtained, Ave noAv 2>i‘0cced to take up the 
ATirious de2)arUnents of the practice of gardening,. 
a2qdicable alike to the ciiltiA'ation of the (r.>ps raised 
in villa and cottage gardens. 

Tlio first jioints w() have to con.sider are naturally 
tlio?e coiin(?cled Avitli the site and the soil of the 
garden to bo cultivated. In the case of gardtms 
attaclied to villas, the goneml rule may be ftiid to 
bo that tlie site of tlio garden is detennined solely 
by that of the house. Only in rare cases have we 
known that the garden was considered to bo such a 
matter'of importance that the object of the 2^ropriotor 
was to gain a site as Avell suited for it as j30SsiblG; 
feeling satisfied that if this was obtained, a good site 
for the villa itself would be sure to follow as a 
necc.ssary consequence. We shall presently see that 
this theory is about as accurate as almost any other 
which could be held. Certainly the exact converse is 
far from correct: namely, tmit a good — or wJiat is 
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supposed to be a good — site for the villa will necessarily 
be a good one for tLe garden attacljed to it. This, no 
doubt, seems to be .the theory acted upon — assuredly 
in nine cases out of ten — in w])ich villas are built 
on speculation in suburban disti-icts. In this class 
of villas — and it is t}:e largest and most extensive, 
tlie villas built specially for and by those who have 
tlie means and the opportunity to build for them- 
selves, and according to their tastes and wishes, being 
few in number, compared with those built on the 
chance of finding tenants — the site for the garden is 
determined simply by what land is left over after the 
site for the house is selected, and such an extent of 
ground in addition to this which is to be given to such 
ornamental grounds as lawn and shrubbery. 

In the grent majority of such cases, as we have 
said, it is a very rare thing indeed to find tha.t the 
builder has given sjiecial attention to the garden, so 
that the site for it would be as suitable for its 
purposes as the site for the villa would meet the 
tastes and wishes of tlio tenant. Indeed, so far oven 
as the site for the villa is concerned, that is decided 
in a large number of erases, not by considei’ations of 
what makes really the best site, but by those con- 
nected with the fact that land —at one time farm or 
suburban ground — is so to be laid out and let for 
building purposes. The main point considered, or 
appaiently considered, is whether the land so laid 
out is in what is called a desirable neighbourhood,’^ 
this phrase being consider*cd to Ix) equivalent to or 
synonymous with a genteel neighbourhood ; the which, 
if attained, is deemed all that is necessary, if not by 
those who inhabit the villas, assuredly by the vast 
majority of the builders who cater for them. Th© 
claims of gentility being once met, other considerati6ns, 
such as beauty and even hetil thin ess of site, are too fre- 
quently put aside as matters of no moment. We know 
of one district, and that an extensive one, which by 
some means or other got to he considered a ‘^desirable” 
or genteel” neighbourhood, and which in consequence 
got thickly studded over with villas, some of them — 
indeed, many — being of a very costly character. And 
yet no architect, on the one hand, would have recom- 
mended the neighbourhood for house sites, as there 
was scai cely a plot in the whole district which afforded 
even a few of the elements of a good site, as regards 
attmetiveness or beauty ; while, on the other hand, 
a physiologist or physician would just as readily have 
decided that the whole district, and specially certain 
plots upon it, was by no means to be classed as a 
healthy or siilubrious one. 

Slta of the Hoaie in Belation to the Garden. 

Remarks on points constituting a good site for the 
villa or house as siich will be found in the papers 
entitled **The Domestic House or Home Planner** 


and ^*The Sanitary Architect. And in considering 
those points, and what is now to be said, the reader 
will come to the conclusion that the view we have 
stated — that a good house site will give on the whole 
a good garden site — is about the most accurate which 
can be held. No doubt tlie grounds attached to a 
villa — this of course of the first class— may be so very 
extensive that, althougl) the part chosen for the site 
of the villa may be in all respects good, other parts 
of the grounds may be bad enough if one or other of 
them be chosen for the site of the garden. And yet 
we venture to say, in such cases — and they have 
before now existed — that the chances are quite as 
miudi in favour of the bad site being chosen as the 
good one. And this arises not merely from the desire 
of the proprietor, but also that of his architect, that 
the garden and all its structures should be either so 
dwarfed in point of dimensions, or altogether so com- 
pletely concealed from view, that it should not form 
a part of the estate or grounds to be seen by the 
public. The house or villa mansion in such (jasos is 
the one, tlie only, thing which is to have prominence, 
the one thing to which the public gaze is to be invited 
and public criticism challenged. The reader will of 
course understand that the term “ garden ” here used 
refers to the kitchen or useful garden, not to the 
flower-plot and shrubbery part immediately surround- 
ing the house. 

We have no hesitation in saying that tliis system 
of making the garden play quite a secondary part in 
the grounds of a villa is altogether a mistake. It 
proceeds upon a wholly erroneous assumption, and is 
in itself direct and decided evidence that there is an 
utter lack of true taste on the part of those who will 
tolerate its principle being adopted in its entirety, or 
even allow of its influeiudng in any marked degree 
tlie relative arrangement or connection of the house 
and its garden. Those who know best what consti- 
tutes the beautiful in nature and in art know best 
how great is the power of a garden and its atx-essories 
in adding to the attractiveness nud indeed raising the 
dignity of the house. And so decided is this, that 
while on the one hand we should decide that the 
architect was ignorant of one of the powers of his 
art if he failed in making the garden accessories — 
conservatones, or the like — add greatly to the beauty 
of the villa and its grounds, so, on the other, we 
sliould decide that the gardener or landscape gardener 
failed in his conception of what power lay in his art 
to dignify and adorn the mansion, if he could not 
make even the ** commonest of common ** kitchen 
gardens a powerful aid in this direction, and cause it 
to 1|| in itself a thing of beauty just as much in its 
special direction as that of the flower and the 
fruit garden. 
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THE FABUEB AS A TECHNICAL WOEKHAN. 

HiB Tools, lMPLBME^"TS, Machines and Mateuialb. 
— The Principles of his Work in its Various 
Departments. 


CHAPTEE XIII. 

Classification of Farm Crops. 

In the paragiaph of preceding chapter we 

opened up this important department of our sub- 
ject. Keeping for tho present the grasses out of 
consideration, which form a veiy importjint serias of 
green crops, the distinction between the grain or corn 
crops and the green crops may be broadly stated 
thus : that the grain crops ai*e nan ow-leaved, and 
the green crops are broad -leaved. Leafage, then, 
is the disstinguishing characteristic of these two great 
or leading families of farm crops; and it is most 
abundant in the gicen crops, such as the turnip 
and tho cabbage, the cereals or grain crops being 
distinguished by tho smnll <amount of leafnge they 
possess. Now, it i6 one of the characteristics of 
plant gi’owth that they doiivo from the atmosphere 
a certain and in one sense no small proportion of 
their constituents. The atmosphere, or air, to use 
the popular term, is thei'cfore a source of supply of 
fertilising agencies, as much, though acting in a 
diflerent way, as the soil or tlie manure given to it ; 
and as the plants draw tlicir supplies from this by 
means of their leaves, wliich are, so to say, their 
lungs, made up of an infinite series of breathing 
pores or spiracles, those plants which have tho 
grefitest amount of leafage or the greatest extent 
of breathing surface, so to put it, will derive the 
largest supply of atmospheric fertilisers. Hence is 
derived the practice, in rotation, of alternating the 
broad-leaved plants or green crops, such as the turnip 
or mangold, with the narrow-leaved grain crops, such 
as wheat, oats, barley, or beans. And as these crops 
alternate with each other in the system of rotation, 
that also is known as the system of alternate 
husbandly.” To this system, which owes its intro- 
duction in Norfolk to the celebrated agriculturist, 
Coke, of Littleton, may be attributed the immense 
improvement in British husbandry which dated from 
the latter end of the last century; for this system 
almost compels, so to say, the land to be cultivated 
in the best manner, as some of the crops which take 
part in the rotation can only give their best produce 
under the most careful treatment of the soil. 

Eotation of Crops.-Four-Oourse System. 

A fair general idea of the crops alternating in tho 
rotation system may be obtained in a notice of what 
is called the “ four-course ” system, each year of the 
rotation being technically called a course,'^ each 
course extending over the agricultural year. Thus, 
the ‘‘four-course” system takes four years to work 


it round, so to say, to the starting point ; the “ five- 
course” five years, the “six-” and “seven-course” 
respectively six and seven years. Some rotations, as 
those markedly in the growing of what have been 
called tho industrial crops, such as that of flax, extend 
over a much greater number of years than that last 
named, rotations of twelve or fourteen years not being 
unknown to the practical farmer. The oldost-~that. 

is, tho first established rotation — namely, that by 
Coke of Littleton, already referred to, and often called 
the “ Norfolk ” course or system, from the name of tho 
county in which it was introcluccsd and in which it 
is still largely followed, is the four-cour.-e, in which 
the first year's crop on any given farm or field may 
be a grain crop, such as wheat, or (as in Scotland, 
where this grain is much grown) oats, the second 
year tho land is devoted to clover, tho tliird yetir to 
turnips, and the fourth year to barley. We have 
thus the alternation of broad- and narrow-leaved plants 
already noticed. But another and a very important 
end in tho practice of farming is gsiined by this four- 
course system. Not only is the alternation of differently 
leaved or foliaged plants secured, but the condition of 
the soil required by one crop is secured in greater 
or less maasure by the preparation required to be 
given to it for the crop immediately succeeding. Thus 
tho clovei* precedes the wheat, and tho peculiar cha- 
racteristic of clover culture gives the peculiar condition 
of soil required for the wheat crop, which loves, as we 
shall hereafter bee, a firm or consolidated seed-l)ed, 
but porous witl'.al. Again, the wheat or oats precedes 
the turnips, the preparation of the soil for the grain 
crop suiting the necessities of the turnip crop ; and 
this again precedes tho barley, preparing the soil for 

it, which in time gives way to clover, and this again 
to wheat or oats. 

Secondary TTiei of tke Eolation of Crops. 

This secondary use of tlio rotation system is by 
no means unimportant in a practical point of view; 
indeed, not its least value is that tho soil, in being 
prepared with reference to one crop only, is put or 
kept in the best condition mechanically suitable for 
the crops of the rotation considered as a whole. But 
there is another feature of the system of I'otation 
which remains to be noticed. Not only is there an 
aliernationof grain with green crops, but there should 
in a well ordered rotation be an alternation of the 
membei'S of each special class or family. Thus the 
class of grains or cereal crops should nob be represented 
by one grain only — say, for example, always wheat or 
always oats — but the cereals should alternate thus; 
if wheat is the grain crop with which the rotation 
commences, the next crop should not be wheat regain, 
but barley, and oats should be taken next before the 
wheat crop again forms part of the rotation; three 
grain crops alternating, of course, with the gi^eon 
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crops, thus carrying on a double rotation or alterna- 
tion. This, to bo perfect, embraces also the green 
crops, in which tlio same system of alternation is to 
be observed. Thus, if the grain crop — wheat, barley, 
or oats, as the case may be —is followed by a gi'oon 
crop such as turnips, the next time that a gi'ain crop 
is tabon off arid followed by a green crop, that should 
not be turnips, but another root, as mangold wurtzel; 
and as the green crop again comes round, the change 
should be again made, and this time potatoes may be 
substituted for the mangold wurtzel. 

But this alternation of the members of the grain 
and green crops, considered as the two great classes, 
cannot always be carried out, the character of the soil 
compelling modilications of the rotation. Thus, some 
soils are pre-eminently wheat soils, just as some are 
barley soils ; so that in the grain alternation of crops 
barley could not be perfectly alternated with wheat, 
nor would oats bo admissible. Tn some modifications, 
therefore, of the four-course system, the seed 
crop beans, often classed as a grain crop, is taken 
after wheat, coming third in the course, turnips 
beginning it. 

Eotation of Crops.— rorage.— Green Crops. 

"We have said that in the rough generalising of the 
farm croj>s there are only two classes — the gi'ain and 
the green crops ; there is, however, a very important 
series of crops known often as ** forage” crops, of 
wdiich the various grasses are the chief ; and those 
play an important part in the rotation of general soils, 
brasses considered as forage crops are classed specially, 
and as diftering from grass properly so called, which 
takes the form of pasture and metidow land. The 
latter two forin.s in which a grass crop is met with 
are termed ^‘permanent” or ‘‘natural gross”; the 
other grasses known as forage crops come under the 
i'lass of “artifici.al gmssos/* forming part of the 
rotation system, alternating wdth the other crop.s, 
gi-ain and green crops, which also form part of it. 
The various points connected with the cultivation 
of the different kinds of grasses, whether permanent 
or artificial, will be found described in a succeeding 
cliapter, should space permit; meanwhile wo name, 
as rcpre.sentaiive of the artiticial gra,sscs, that kind 
.so well known as Italian rye grass. There are 
other forage — often known otherwise as “fodder 
crops ” — of which i*apo and lucerne may be taken as 
representatives ; wliile tlie clovers form a division or 
class of forage or fodder crops by themselves. We 
have seen that the clover forms part of the four-course 
system described in a preceding paragraph ; thi.s may 
be modified by introducing the ai'tificial grasses. Those 
are generally, w’e might say universally, sown down 
with the bailey crop — growing up to maturity after 
the barley crop has been taken off the land. Thus, a 
live-course system may be made out of the four-course 


by taking on the first year of the course, barley; 
second year, artificial grass sowm down with the barley ; 
third year, the grass cropped or cut for the second 
year ; fourth year, wheat ; the last year of the course 
being turni])s, which is follow^ed by barley, which 
again commences it. If the artificial grasses are 
cropped for the third year, the above five is changed 
into a six-course system ; or this may bo made by the 
following succession of crops, as (1) oats, (2) potatoes 
or mangolds, manured with farmyard dung, (3) w^heat, 
(4) turnips, (5) barley, sown down with grass seeds, 
the Gtli year being grass. A “ seven ” or “ eight ” 
coui-so m.'iy be inside by cropping the grasses twdeo or 
thrice in place of once. 

Eotation of Crops. — Fallow or Bare Cropping. 

Wo have classed the soils generally as composed of 
three great divisions — the heavy, the medium, and the 
light; each division being ag.ain subdivided into a 
number of soils, either approacliing to or receding 
from the standard or highest point of each. In the 
heavy soils there is a class wliich yields a soil of such 
a tenacious an<l olxl urate clay, so diillcult to bo brought 
into a condition fitted to bear crops, that a .special 
system of working has to be adopted, which takes 
a I’egular place in tlio rotations or “ course ” system. 
This is termed the “ fallow^ ” year in the course, or 
“summer fallow.” Fallow' w'orking may be here only 
generally described as a system of repeated workings 
of the soil, as by ploughing, cross ploughing, grubbing, 
clod crusliing, and harrowdug. Some of these opera- 
tions are repeated again and again, the great object 
being to get the soil mellowed and bring it as 
near as possible to that wadi pulverised condition 
known as “tilth.” And this not merely by the 
repeated mechanical act.ion of the diiFerent implements 
used, but by what are even more powerfully acting 
mellowing influences — namely, those of the atmosphere, 
as light, air and moisture. Another important aim in 
the working of fallow's is the getting ritl of the weeds. 
These are specially prolific in lauds obliged to bo 
placed under fallow ; as the soils arc rich in fertilising 
con.stituents, forming as they do, in fact, the richest of 
of our lands, known often, indeed, as wheat and bean 
lands, both of wliich take out from the soil heavily 
its fertilising mineral constituents. The woiking of a 
summer fallow tci minates in tlio autumn, when the 
land is finally prepared for the wheat crop, which 
usually takes the position of the first active crop of 
the course, although it is the second part or year, 
the fallow taking the place of the first year of the 
course. The wheat is usually followed by bean.s or 
pease — those being followed by clover, the barley 
clo.’iRg the course — in which again a fallow comes 
round. This course is modified by taking beans 
after the wheat and clover after the barley. This 
resting of the land from cropping, or fallow, is 
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tantamount to the lo.^s of a yearns produce of one 
kind or another; and although it cannot be said to 
be a lost year literally, as by its work it insures, 
and in the only way possible under tlie circumstances, 
a condition of soil absolutely essential for the suc- 
ceeding crops, still the great object of the farmer of 
such heavy lands, as regards the fallow system, is to 
bring the land into a condition to be cropped one way 
or another year after year, thus doing away altogether 
with the resting }'ear. And it is not the least grati- 
fying circumstance connected with modern farming, 
that by the introduction of new and carefully carried- 
<uit systems of soil preparation and crop culture, aided 
by improved mechanical appliances, and specially hy 
the use of steam power applied to the working of 
those, fallow lands are becoming raier and rarer; and 
infiny lands Avhidi could only be worked under the 
fallow system have become what it is the objeett of 
all heavy clay land farmei’s to make them — namely, 
good turnip lands — tlxis term meaning soils Ciipable of 
growing jill kinds of root crops, as indeed it includes 
tlie widest possible variety of farm crops. Wo have 
said that to tlie introduction of the rui.ation system 
of which the pivot crop, so to call it, was turnips as 
a root crop, we owe all tlio improved methods of crop 
culture by which modern agriculture is distinguished. 
Before dismissing the subject of fallow land, it will he 
well to notice a dislinction often made in connection 
with it. A fallow propei* is sometimes called a 

naked fallow,” or a “ bare fallow,” to distinguish it, 
as in this case it bears no crop, from fallow land, 
in which part only of the whole land is treated as 
a naked fallow or fallow proper, or that which is 
put under a certain crop. This crop is generally 
turnips or mangolds, as those roots admit of the soil 
between the rows of plants being stirred, weeded, 
iti other words, cultivated, during a largo part of 
the growth of the plants — specially in the first stages 
of this. And from this circumstance sucli crops in 
such a treatment of fallow land are often termed 

fallow crops.” 

Varieties or Systems of Eotation of Crops. 

We have thus gone somewhat fully into the general 
subject of rotation of the crops, or of alternative 
husbandry; and it will form a fitting and practical 
conclusion to our remarks if wo give special rotations 
as adapted for the leading varieties of soil — those 
given comprising systems adopted in different locali- 
ties. 

Inverytenacious clay soils the following is adopted: — 

(1) fallow; second year, \eichQ9> 

fed off by sheep turned on to the land ; third year^ 
oats sown down with clover seeds ; fourth year, clover. 
Of this clover crop the first growth is cut down to 
make clover hay, the second crop or aftermath is 
then fed off by sheep turned on to the land. The 


fifth year is wheat; sixth year^ vetches fed off by 
sheep; seventh year^ wheat. In this sevou-cour.-e 
system the fallow comes every seventh year. (2) 
In other districts, with the same class of soil, the 
fallow comes every fifth year. First year, fallow ; 
second year, barley ; third year, beans ; fov/rth year, 
wheat. In this case, part of the fallow land or 
course is only partially treated as a fallow proper — 
which, as we have sei>n, is called sometimes a naked 
fallow. One half of the land termed in this rotation 
and considered to be fallow land is cropped with some 
forage green crop, such as winter rye, or more usually 
vetches or tares, or a mixture of rye and taros, which 
mtikes a capital food for live stock in spring. This 
green forage crop is either eaten off by sheep, or mow n, 
as in the case of the rye and tares, to bo consumed 
by the live stock in the yards or houses. After the 
crop is thus taken off, the land is put under tillage 
or fallow ti*eatmont — that is, ploughed, cross ploughed, 
sea filled, rolled, and harrowcMl — thus getting tlie laud 
into as good a “ tilth ” and as free from weeds as 
possible, to be ready for the autumn crop. In the 
rotation .still under notice ti part of the remaining 
half of the f.allow land is put under turnips or man- 
golds, these being well cleared from weeds, and the 
soil stirred as long as the wairk of tillage can he carried 
on. These roots are then fed oil’ ]>y slicip in the 
later summer, and the cleared land prejiared for 
the crop. The i*emainder of the fallow' land is left 
as a naked or pure fallow, and this part is purposely 
selected as being that part of the fallow whieh, from 
the nature of its soil, is required to be treated as 
a fallow' proper. For, as we have already remarked, 
soils even in the same farm vary so much that one 
part of the laud under fallow' may lie much worse — 
that is, more tenacious and obdurate — than another, 
so ivcpilring a dilferent treatment. (3) Another 
fallow' rotation is : first year, bare or naked fallow ; 
second year, oats; third year, artificial grasses sown 
down wdtii tlie oats in preceding year ; fourth year, 
wlieat. (4) In anotlier case the fallow rotation ex- 
tends over six years : first year, fallow bare or naked ; 
second year, barley or oats ; third year, clover ; fourth 
year, wlieat ; fifth year, beans ; sixth year, wheat ; 
the fallow again continuing the rotation, thus coming 
round once in every six years. As in all other 
'systems of crop culture, the fallow system is modified 
according to circumstances, or ought to be, and with 
good farmers is so, — unless, as is but too frequently 
the case, the farmer is tied down by the ligid con- 
ditions of a lease w'hich forbhl him to crop his farm 
except in a certain way, and which under t)enaltie8 
he has closely to follow. On this system of rigid 
cropping oy the terms of the lease, it is sufiicient 
here to say that while at one i-^riod of the liistory of 
farming such restnetions might be necessary, guided 
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as they were by the then known practice and principles 
of farming, they are altogether beyond the necessities 
of modern farming, in which the principles upon 
which it is based are so well known, and are, in a 
sense more or lass correct, so precise and definite, 
that the practice is now essentially different from 
what it was in days gone by. The farmer, then, 
ought to be able, under the conditions of his lease, 
to work his land in the way best calculated to meet 
its various and often varying circumstances, and to 
apply to its cropping and general management all 
the latest improvements which an advanced and ever 
advancing practice, no less than an eminently pro- 
gressive science, are perpetually bringing forward to 
his notice. The value of a system of free cultivation 
will not be inaptly, in this place, illustiated by the 
statement that land which at one time was abso- 
lutely required to be worked as a naked fallow, is 
now, by continued and careful treatment, brought 
into such condition that it is capable of being put 
under crops, thus forming part of a regular system 
of rotation in which each year is producing some- 
thing. In other districts, land which could not be 
cropped without being put under a naked or bare 
fallow can now, by improved mechanical means of 
cultivation, be rapidly brought into a condition fit 
to bear crops. Many lands which were thus, not 
so long ago, looked upon and actually treated as 
those capable only of being cropped by being put 
under fallow, are now good or moderately good 
turnip soils. In such cases it would obviously be to 
the grievous loss of the farmer if he were, by the 
rigid conditions of a lease — which were themselves 
the outcome of an antiquated practice exceedingly 
limited in its outlines — compelled to crop his land 
under the old system. We now come to notice 
rotations accepted for other classes of soils. 

Varietiei of Botation (omtinued'). 

We take first ^Moamy soils approaching stiff or 
tenacious clayey or strong soils.” For such stiff loams 
the following is a rotation which has been found to 
wwk well in practice: — (1) First yem\ wheat; 
secovd year, vetches (these are fed off by sheep or 
cut down for feeding stock in the farmyard or the 
house, and the land immediately prepared for a crop 
of turnips, such as the white or other quickly maturing 
variety, these being either fed off by sheep or pulled 
for yard or house consumption) ; third year, tuimips 
or mangolds ; fourth year, beans ; fifth year, barley 
sown down with seeds, which give for the surth year 
gi’asses (artificial). (2) Another rotation for atiflish 
or heavy loams is : first year, vetches ; second year, 
wheat ; third year, beans ; fourth year, wheat. (3) A 
third rotation for strong soils, not well calculajbed 
for feeding off with sheep, is as follows ; first year^ 
turnips or mangolds ; second year, oats ; third year, 


clover (or half the land may be devoted to this crop, 
half to beans or pease) ; fourth year, wheat ; fifth 
year, barley. (4) On stiflish clayey loams approach- 
ing to a black moor land soil, such as are to be 
met with in Lancashire, the following is a good 
rotation first year, oats ; second year, oats (the 
crop of which is usually better than the first crop 
of this grain) ; third year, a root crop, such as 
turnips, mangolds, or potatoes (the last being a 
frequent crop in the above-named county); fourth 
year, barley sown down with seeds ; fifth year, grasses 
which may either be fed off or cut down for hay. 

For rich loams easily worked the following are 
rotations: — (1) First year, oats; second year, turnips 
or mangolds; third year, barley sown down with 
seeds ; fourth year, grasses for one year (or making 
the rotation extend over five years, for two years), 
oats again commencing the rotation. (2) First year, 
turnips ; second year, barley, either sown down with 
seeds, making the third year grasses, or beans or 
pease may succeed the barley ; fourth year, wheiit ; 
fifth year, beans ; and where the soil is stronger 
the rotation may extend to six years, the sixth 
being wheat, giving place to the turnips, which again 
commences the rotation. 

On what are generally and favourably known 
as “ turnip lands ” 'par excellence, in wliich class of 
soils almost eveiy farm crop can be cultivated, (1) the 
following is a seven -years I’otation. First year, 
turnips, manured ; second year, barley sown down 
with seeds; third year, grasses, those being mown 
for hay or for yard and house feeding ; fourth year, 
grasses, but this time fed off as pasture ; fifth year, 
oats ; sixth year, i*oots, as mangolds, manured ; seventh 
year, wheat. (2) A four-coiu^se system applicable to 
turnip lands, but not so good as the last named, is 
as follows : first year, turnips (the land is with this 
crop manured heavily to last for the whole rotation) ; 
second year, barley ; third year, clover ; fourth year, 
wheat. 

The following are rotations suitable for varieties of 
soils other than those already given, such as (a) light 
sandy soils ; (6) gravelly ; (c) stone brash ; {d) marls ; 
(«) lias clays, (a) Light sandy soils.” First year, 
roots; second year, spring wheat sown down with 
grass seeds ; third and fourth years, grasses ; fifth 
year, wheat. (2) Another rotation is: first year, 
forage crops, such as rye, rape, lucerne; second year, 
turnips, mangolds, or potatoes ; third year, spring 
wheat ; fourth year, pease ; fifth year, wheat. (6) 
“Gravelly soils.” (1) First year, turnips or mangolds 
Mrked as a fallow crop ; second year, barley, followed 
by third year, clover ; fourth year, wheat. Should 
the land become what is called “ clover sick,” winter 
beaus alternate with the clover or pease ; and of the 
dovers red and white alternate. 
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OHAPTEBXXXVL 
Properties of BoAiet Eelatlve, not AbsolntA* 

At oonoladon of last chapter, in treating of the 
porosity of bodies, we stated that the so-called solid 
particles have again their vacant spaces. These are 
formed, or owe their existence, to the polarity of the 
atoms composing the particles. And, as *we have 
said, man does not know the limit beyond which the 
porosity of bodies does not exist. 

The young reader will see how closely the properties 
of bodies we are now considering affect their treatment, 
and how by varying this a vast variety of effects or 
results in their relative constitutions or conditions 
are placed at the command of the workman, of the 
highest value in the mechanical arts of construction. 
The very fact that the conditions ” or what we call 
the properties ** of bodies are relative, which at first 
sight might.appear to the student to be a disadvantage, 
is in reality that which places within the reach of the 
mechanical worker the power to bring about those 
changes in the conditions of bodies which he requires 
to enable him to do his work. And the youthful 
student may at first sight be somewhat puzzled at 
the statement made above, that man knows no limit 
to density, or conversely to porosity, or the point 
beyond which this porosity does not exist ; inasmuch 
as hd may have a difficulty to understand how it is 
that bodies are kept in any distinct or special con- 
dition, so that what ie called a dense body is not in 
reality dense, — and what it is to which we owe certain 
conditions of bodies to which we give certain names, 
as porous or dense. But bearing in mind what 
we have said as to the .purely relative conditions or 
properties of bodies, and referring to what we have 
given in preceding chapters as to tho two great laws ' 
under which all bodies exist— namely, attraction and 
repulsion — ^it would appear that the condition of any 
body at any given time and under any given circum- 
stances depends solely upon a balance between the 
opposing forces of attraction and repulsion existing 
at the time. How that balance is effected, or how it 
is, as we may say, secured, and how it is retained so 
long as the circumstances remain the same, we do not 
know — probably never shall know. Wo by no means 
ignore the value of what would result to man if he 
di^ know this mysterious balance” of opposing 
'and powerful forces, which gives os in one body a 
liquid, in another body a solid, and in a third an 
aeriform or gaseous substande ; for the more clearlj 
know the laws which regulate and control tlM 
JtT. . 


conditions of bodies, the more widely and practically 
will he be able to modify their action. And thet 
there is a law which regulates the balance” now 
noted, we have no doubt. But in the abseiioe of a 
knowledge of what it is, it is miough to know that* 
man by close and patient observation, and by no less 
patient trials and experiments, has discovered a vast 
variety of methods by which he can, so to say, so 
disturb” what may be called the natural balance of 
the two laws which regulate the ordinary condition 
of bodies as to bring about changes in this of a kind 
the practical value of which in his daily work it is 
quite impossible to overestimate. And he is discover- 
ing new ways of disturbing this balance, and founding 
upon them new processes of great practioai value. 
Many of the simpler methods of disturbing the natural 
balance of the constituents or particles or atoms of 
bodies are familiar to us all. We take a bar or rod 
of iron, and find that it will pass through a hole or 
aperture of a given size when it is cold, or, as we call 
it, in its ^‘ordinary” condition, as lying exposed to 
the air. We place it in the fire; and on withdrawing 
it from this, so highly heated that it has in the dark 
a dull red heat, we find that it will no longer pass 
through or into the aperture. Here the balance ” is 
disturbed, and clearly in the direction of widening the 
pores or internal spaces, and by consequence causing 
the so-called solid particles to spread, so to say, 
outwards, thus increasing the bulk or diameter of 
the bar or rod ; so that its bulk is now larger 
than the hole. But we can disturb the balance in 
another way. For let us suppose conversely that we 
have a hole of a given diameter or section, through 
which we find that a bar in its cold and ordinary 
condition will not pass, it being too large for the 
hole. In this case we take the bar and subject it to 
hammering upon an anvil ; and in process of time we 
find on trial that after a certain amount of hammering 
we have so far reduced its bulk or size that it will 
now pass through the hole or into the aperture. 
Here we have obviously caused the particles to go 
cl(?ser together, lessoning in proportion the pores or 
black spaces as supposed in our former illustration to 
exist. This capability of having theii* particles or 
atoms so disturbed that they move amongst each 
other and assume any position into which by a force 
or power they are made to take, and this without 
dostroymg or changing what we may call their me- 
chanical properties, belongs to certain substances 
which are said to bo malleable, or capable of having 
their form or shape — that is, their molecular armnge- 
ment or distribution of particles— changed without 
in any way changing or destroying or lessening the 
meohmiical value of the substance or material. The 
word malleable means literally this (capable of being 
hammered), it being derived from the liatin mtUmSy 

fir 
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a haminer, from which, by the way, come our words 
to boat, — vulgarly, yet most appropriately, 
called ^^a hammering,” and also ^'mall,” the mason’s 
hammer. It is not every material which is malleable, 
and those which are vary so much in this property 
that the hammering can only be carried to a certain 
point, beyond which any forcible disturbance of their 
particles changes their character and tends to weaken 
the substance. Some are so little malleable that any 
attempt to hammer them simply results in their 
being broken, or having their particles so effectually 
disturbed that they cannot be made to resume their 
original property. The two extremes of malleability 
ms»y be said to be represented in the substances of 
gold, and steel in a certain condition, or slate. Gold 
may still be said to be the most malleable of all mate- 
rials, it being, capable of being beaten or hammered 
into leaves or plates, of such inconceivable thinness 
that it takes considerably over a quarter of a million 
of them laid one upon another to give the thickness 
or depth of an inch. Steel, on the contrary, in a 
certain state may be said to be the least malleable, 
as on one attempting to hammer it, he will find to 
his disappointment that it will break as easily as if it 
were glass, which is the emblem of brittleness — that 
is, in its ordinary condition. 

Fortunately for man and the wide and varied range 
of his mechanical work, iron and steel — prominently 
the ‘^useful metals,” and so called from this very 
drcumstance — are, in certain conditimiSf malleable 
in a high degree. This would seem to be entirely 
contradictory to the statement just made as to the 
brittleness of steel, for example. But both steel and 
iron are very striking examples of the truth we have 
more than onc6 alluded to; and that because it is 
one which the young reader should never forget or 
lase sight of — namely, that all the “properties” so 
called of the bodies or substances termed mechanical 
are purely relative, and entirely dependent upon 
the condition in which they are at the time, and 
on the circumstances under which they ore placed. 
Thus, iron is, we have said above, a metal 
possessed of such great malleability that it can 
be hammered or shaped into various foims, some of 
them, from the intricacy of their curves and the fine- 
ness of their lines, coming closely up to the graceful 
forms met with in tr^s and shrubs. Yet this malle. 
ability is only met with when iron is in that condition 
known as wrought ” — that is, hammered, squeezed, 
pressed — or “ rolled,” for rolling is squeezing or 
pressing ; for when met with in the condition known 
as “caat” or '‘pig” iron it has no malleability, but 
may be broken or smashed up as one breaks up glA 
in its usual condition. So also of steel: in certain 
conditions, as soft and “untempered,” it can, like 
wrought iron, be hammered and shaped at the will of 


the workman ; but when hard and tempered, as in a 
cutting tool, it is very easily broken, as moat of our 
readers know who have had much to do with the use 
of sharp cutting tools. Even the most thoughtless of . 
youths would know almost intuitively that it would 
» be utterly useless to attempt to alter the form of 
those tools by hammering ^em. 

Gonditioxi of Matter capable ef being Changed. 

This capability of having their particles or 
molecules changed in position without having their 
integrity destroyed or their characters ^tei'od, 
possessed by many substances, of which the metals 
are the most striking examplov^;, is of the greatest 
service to the mechanic. In virtue of it he brings 
about obanges in the condition of bodies by altering 
the circumstances under which they are placed, and 
that as a rule by an application of some external 
force. Of this hammering — whether it be done by 
the muscular force of the body or by the infinitely 
greater, practically almost resistless power of the 
steam hammer, is an example. Oompressing, con- 
densing, squeezing or pressing power is another, 
which, is quite different in itd immediate effects, 
those being slow compared with the quick effects of 
the hammer blow or impact ; but the results are the 
same — that is, the atoms are moved and so changed 
in relation to each other, compared with their original 
or, as we may call it, porous condition, that they 
come to lie closer together, and, occupying less space, 
give to the body the property we call density. 
Although this squeezing* or condensing process is 
carried out in the mechanical operations of mcital 
working to a very much less extent than is the 
process :Tof hammering, which gives the density by 
impact or blows, still it is largely and most effect- 
ively used in many pieces of work. How suggestive 
to the young student of many points connected with 
the molecular disposition of metals is this fact in 
metal working : that we can increase the diameter of 
the bore of a cylinder to the required ultimate dimen- 
sions by making the last bore rather less than this, 
and by forcing into the interior — while the cylinder 
at the same time revolves — a steel rod or “condenser,” 
this possessing the same diameter as the ultimate one 
of the cylinder. This, as it is forced longitudinally 
into the small bore, squeezes or presses the molecules 
of the metal, and by thus causing them to occupy less 
space than before, enlarges the diameter to the di- 
mension required, just as if this had been done by 
simply boiing ; but with this remarkable difference, ~ 
that the metal in the interior of the squeezed, pressed 
or condensed parts is very much denser* and possesses 
less of the porosity of its original condition, althoii^ ^ 
that might have been pronounced upon examinatiOB 
by the eye,^ or otherwise, to be anything but porous; 
And the other curious oircumstanoe is this : thai^ it^e 
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extmud diameter of the cylinder is not altered — ^that 
is, enlarged^which at first sight the student would 
suppose to be the natural result of the process ; the 
moleculee being pressed from the inside, naturally, as 
one would think, would squeeze or force the external 
molecules outwards. But the inner molecules are 
merely squeezed into the interstitial spaces or pores 
of the metal; which, while it enlarges the internal 
bore, does not afiect the molecules of the outer rings 
of the cylinder, which remain as originally arranged. 
This condensation of the molecules of metal, or in- 
creasing of their density by a steady and a forcible 
pressure, is effected in more ways than one in metal 
working. In place of giving the squeeze or pressure 
by special mechanical means, it may be given by 
what is called natural pressure, or that of gravitation^ 
This is obtained by the same method, and acts pre- 
cisely on the same principles, as in the hydraulic 
experiment of giving great pressure to the sides of 
a vessel containing water by carrying up from it a 
long vertical tube, which is filled from the top with 
water, and by which what is technically called a “ head ” 
is obtained, and in proportion to the head ’’ (ue. the 
height of the tube or the column of water it contains) 
is the pressure exerted on the vessel. The principle 
here involved, is taken advantage of by the iron founder 
or moulder, in giving his castings a greater density 
than they might or would otherwise possess. This is 
exemplified in its simplest fashion by casting such 
articles as pipes or cylindrical vessels of greater length 
than diameter in a vertical position ; and in a more 
perfect way by making special arrangements by which 
the molten metal passes down to the casting” proper 
through a vertic^ channel, technically termed a 
*^head” or a ^Mead-head,” which extends a greater 
or less distance above the main body of the casting 
or its mould. 

Those acquainted with the peculiarities of the steel 
trade know Sir Joseph Whitworth’s system of com- 
pressing steel. This, reduced to its simplest elements, 
is the squeezing or pressing together of the molecules 
of the steel in a molten or fiuid condition by pressure, 
this being that of the hydraulic press, While the 
dead-head ” of the iron founder gives a pressure of 
but a few pounds per square inch at the utmost, in 
the Whitworth process one of several tons per square 
inch can be ea^y obtained. For some of the very 
peculiar results obtained from this process, and the 
light which it may yet throw upon the molecular 
disposition of metals, the reader should consult the 
elaborate papers read by Sir Joseph Whitworth 
the Institute of Mechanical Engineers and 
th^ Iron and Steel Institute, and the able discussions 
whioh followed their reading. The molecular dis- 
position of Bessemer steel, now used in such enormous 
,w^htSf which may be called porous, and in its most 


aggravated form giving the metal that dangerous 
peculiarity known as being ** honeycombed ” — that 
is, having throughout its mass, even in the v^y 
centre, large air cells — is one of the peculiarities 
which has raised a doubt in the minds of constructors 
as to the real constructive value of Bessemer mild 
steel, and is one to the avoiding or getting rid of 
which no small attention has been given. Apparently, 
from the very nature of the Bessemer ' process of 
steel making, the gases formed in the process have a 
great tendency to become what is technically called 
occluded,” or retained within the mass, and to the 
presence of these gases the air cells or honeycombed 
parts are due. These may be said to be large pores ; 
and if the solid molecules suirounding them could be 
forced into them, or if the spaces or air cells which 
constitute those pores, so to call them, could be got 
rid of, so as to enable the molecules to lie closer to- 
gether — that is, to increase the density of the metal 
— its constructive value would be obviously greatly 
increased. The object of the Whitworth process, above 
noticed, is to get rid of the occluded gases, forcing 
them outwards, and passing them through the outer 
molecules into the air, and further, by the mere foice 
of the mechanical pressure employed, to squeeze the 
molecules at the same time very closely together. 
But the Whitworth process is but a slow, and it 
certainly is an expensive one, applicable chiefly, if 
not only, to cases where steel of a very high con- 
structive value is required for special purposes, as for 
rifles, cannon, or ordnance — for which, in fact, Sir 
Joseph introduced his system of compression by hy- 
draulic power. The chemist, the druggist, and many 
employed in various branches of the industrial arts, 
are well acquainted with the changes which take place 
in the oonstitution or physical peculiarities of a mass 
of liquid or semi-liquid substances by the simple 
process of stirring it. If the mass be made up of 
different substances, these, when first put into the 
vessel, may lie very loosely together — the mass being 
exceedingly porous, so to say. Stirring has the effect 
of bringing the particles togethor, so that they lie 
closely; and if a number of semi-liquid substances, 
of different colours, be used, the regular mixture of 
these will be made obvious by the process of stirring. 
If air bubbles collect, as they seem in some substances 
very readily to do, these will be got rid of — ^be squeezed, 
in fact; out of the mass till the whole becomes homo- 
geneous* This simple and ancient process, with which 
every housekeeper is familiar, has been applied with 
decided success to the Bessemer steel making process. 
And although, like many simple methods of doing a 
thing very much wanted, it is being pooh-poohed by 
some who would very likely have given it a different 
reception had the object been gained by some more 
complicated and .therefore clever-fooWn^ system ; and 
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although it has not been universally nr even vesy 
extensively used, still, wheirever it has been employed, 
iijS euooesB has been go marked that there seems little 
doubt but that the method, all simple though it be in 
principle, and not difficult to be carried out in pxao* 
tioe, will be universally adopted — so long, at leart, as 
the initial steps of the Bessemer steel making process 
relnain as they are. It certainly speaks volumes in 
favour of the stirring System of rendering Bessemer 
steel dense and free from blow-holes or honeycombing, 
that Sir Henry ^Bessemer is himself altogether in 
favour of xt-^-^^ms, indeed, that he years a^ had 
anticipslted the present invention of the stirring 
method by pointing out its necessity and showing 
how it could be done, but which circumstances pre- 
vented him from introducing into practice. 

mature of KsterUls or Bodioi.-^Alloys. 

How purely relative the term density, and hence, by 
consequence, the dense condition of bodies is, is well 
exemplified in the mixture of metals, as in the for- 
mation of alloys,’^ and in making different qualities 
of metals, as in the case of cast iron. The phenomena 
here do not come within the category of disturbances 
of the “ balance’’ of the two laws which regulate all 
bodies, as explained in a preceding paragraph, but 
are dependent upon changes in the condition of the 
particles which come about, so to say, naturally, when 
a change of circumstances is made. This is familiarly 
illustrated in the case of a barrel filled with large and 
irregularly shaped stones. These, from their very 
shape, cannot lie closely in contact, but leave large 
spaces between them. Into these spaces we may, by 
shaking the mass of stones thoroughly, or by other 
means, pass or force pebbles. These again, being 
of different forms, will not lie close to each other, 
but will leave vacant spaces between them. Into 
those we can pass still smaller pebbles, these again 
forming spacen into which finally we pass sand, — 
when, as the eye may judge, there are no spaces into 
which material could be passed, although by emplo 3 dng 
sand of gradually decreasing fineness, and ultimately 
dust, we could get a still larger quantity of material 
into the vesseL Here we now have no longer a mass 
of exceedingly porous material, as with the original 
stones in the barrel, but a dense mass. This weighs 
now very much more than the original weight ; for 
to the weight of the stones we have added that of 
the pebbles, and to the new weight thus obtained we 
have added that of the gravel, and finally to this the 
weight of the sand. Yet it is obvious that we have 
not increased the bulk or site ; for the whole of th^ 
different materials are still contained within ana 
bounded by the walla the barrel. We have merely 
filled up the pares of the original substance— so to 
call theetones. 


But the molecular disposkion of mixtures of sub- . 
stances, as in the case of alloys in metals and of 
solutions in liquids, presents some very G\mous 
phenomena, i^ially worthy oS the dose attehtimi 
of the mechanical student. In those the density is 
so increased that the bulk or space occupied by the 
two is actually less than the space which would be 
taken up by the two metals or fluids in their separate 
condition. A very marked example is furnished us 
by the alloy of copper and tin — 90^ of copper and 
9| of tin — ^forming the metal known as gun-metal or 
lu'onze. Here the bulk or space occupied by the two 
when melted together is less by one-fifteenth than 
that which would be taken up by the two metals 
in their normal or ordinary condition. There can 
be only on^ conclusion in this case at which we 
can arrive: namely, that the molecules of the one 
metal which are the smallest or finest — which is the 
tin — ^must pass into and find room, to use familiar 
language, within the spaocB or ppres of the other 
and the coarser metal, the copper. And the same 
action must take place in the c^se of a mixture of 
oil and water, — of which if we take a quart of each, 
they will not make together two quarts, but so much 
less in a certain proportion than this bulk. We have 
also a parallel case in the dissolving of sugar or other 
like substance : we have, as the result of ^e mixture, 
alwajB a less bulk than is really due to the united 
condition of the two under their ordinary circum- 
stances. Here we may find a lesson as to the purely 
relative condition of bodies giving certain properties 
to which we give particular names. Popularly, the 
sugar being melted, it is said that it disappears, and 
is lost; but it is only that its condition is changed : 
the molecules or particles of the sugar are still there, 
only under another form; and by a certain process 
the original condition may be restored. In nature 
there is no such thing as actual disappearance : it is 
merely a change in condition ; and in the great variety 
of physical substances there is an infinite variety of 
changes, which give rise to the purely relative con- 
ditions. The importance of ** condition ” the student^ 
bear in mind in all cases when he is considering 
physical bodies or substances. 

The points connected with what are called alloys 
of metals open up considerations of the utmost value. 
An alloy is simply a mixture or combination of two 
or more metals; and by experimenting and trials of 
the resulting alloys man h^ succeeded in obtaining 
for his various purposes what practically are to him 
new metals, although th^ are made up of other 
bodies. Numerous as those new 'metals are, and 
valuable as they have been for the purposes fA the 
mechanic, there is every reason to believe that he 
will yet by a wider range of experiments disQiotmr 
alloys or mixtures still more valuable. ' I 
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OHAPTEB XI. 

IB relation to what has been said as to the value of 
observation, and how it is worth while to cultivate 
the habit of observing quickly, we may say that if 
the time never comes when joxl can take in at a 
glenoe, you will find nevertheless the immense practical 
value of being able to take things in — ^to make them 
your own — even if you have to give many glances, or 
find it but a slow process to see a thing accurately. 
Quickness will come in time, as use in nearly evezy- 
thing gives expertness, and time will show the value 
to the practical mechanic of this capability to see 
things accurately or to observe corre^y, inasmuch 
as it is valuable in more directions than one. It is 
of great value in coming to a right comprehension of 
machines and structures which may have for business 
purposes to be closely examined. But it is of perhaps 
even greater value practically — in so far at least that 
the field for its exercise is not only so much moro 
frequently opened up for use, but b^use it is very 
wide in its extent — in the case of the supervision and 
the general management of work. This ready faculty 
to see things as they actually are is in truth that 
which mainly constitutes the ability of a manager of 
works. Take the case of the manager of a factory in 
which there are at work not only many classes of 
machines — each class differing from its neighbour 
clsfls — but in each class a great number of the same 
machines. Each machine is working economically 
only when in perfect condition and giving out the 
maximum of its efficiency. But this may be lessened 
to a very great degree indeed by something very 
minute of its kind which is wrong* A manager of 
ability, possessed of the faculty to see accurately, in 
going his rounds takes in at a glance"’ what each 
machine is doing, and whether it 4 doing well. If 
giving bad work, he sees as quickly why it does so. 
Kay, just as likely as not his “ quick eye ” and ready 
mind”<--*prompt to comprehend what the eye looks at 
or sees — tell him that something is wrong, some 
part out of truth, some part broken, etc.; and he 
does not therefore require to ask whether the work 
is up to the mark. He knows, under such circum- 
stances of working, that it will not be so — that it 
cannot give good work. In this way a good manager 
keepe all the machines up to their full point of 
working efficiem^, and this with, on the whole, 
veiuairkably little trouble on his part. The same 
holds just as true in the case of machine shops and 
Uhfljfttaerlug estafaliahments; and H may be doubted 
there |sany one thing which more thoroughly 


constitutes what is called a clever manager*^ or 
foreman, than this same faculty of seeing things 
quickly. It is not that managers fail, as fail they 
often do, in keeping works up to the paying point ” 
from absolute ignorance of their duties. They know 
quite well what good work is, and if necessary they 
could <^put their hand” to it and do it, and do it 
well. But what they fail in is, that they do not see 
quickly and accurately what is wrong, or indeed that 
anything 'is wrong at all One manager would walk 
through a machine-room and repeat his so-called 
inspection several times a day> and yet see nothing 
wrong. This is done mere frequmitly than it ought, 
to the great lees of the concerns.” Another would 
not get half through the same room before his quick 
eye and mind would see where the loss was arising. 
Now, as most of our young readers are doubtless 
ambitious to occupy the place of foremen and managers, 
and ultimately masters of works, we trust that they 
will see the pecuniary advantages which the faculty 
of accurate observation gives them. A little thought 
expended on the matter will enable them to see 
advantages arising out of it other than those we 
have named. One is that it tends, if not to bring 
about, certainly to strengthen and increase it. 

, Prsotieal Beiulti of Obionratilott. 

We have said that the practical truth of the 
definition that mechanical engineering i% in fact, the 
science of observation or of seeing, has been r6<» 
markably exemplified in the past history of mechanical 
work, which was based first npon the observation of 
natural phenomena displayed everywhere and always 
in the external world, and then by adapting those 
to the mechanical work to be done, and which, as 
we have seen, was the supplementing and also the 
supplanting of the class of work known as manual 
or pure handiwork only. And the more deeply and 
thoroughly the machiifist studies the history of the 
science of machines, the more clearly will he see that 
all which are called mechanical laws are merely the 
adaptation in one way and in one direction or another 
of the laws of nature. And those laws, while viewing 
their almost endless manifestations, to which we are 
adding every day, the young student in machines 
will have some difficulty to believe are reducible after 
all to two only in number. 

' Kow, those laws, although existing from the erea- 
tion, remained for ages absolutely unknown; but 
what was done through their agency, or in other 
words the phenomena which in everyday life they 
exhibited, became to be known by man from a very 
early period in his history. But they became known 
only by their being seen and observed; and this 
observation was prompted, in the earlier instances, 
by something peculiar in a fact or ciroumstanoe 
striking-^to use 4ibe papular phraS6---*soine man more 
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thoughtful than others, and who applied what he 
had found out — ^literally wh^ he had seen or ob- 
served — ^in some way or another to the doing of pr 
the helping of his own hands^ in doing some of his 
daily work. All this was done in a very feeble way 
at first, and done, as there is every reason to believe, 
so seldom that it, is fairly conjectured that some 
mechanical points, which are now so familiar to every 
one that their origin or discovery is never thought of 
at all — ^rather, indeed, as if theip were nothing about 
them to discpveiv-took centuries of patient observa- 
tion and thought before they were added to the 
number of man’s acquisitions, or to the evidences of 
what we now hear so much about as man’s power 
over nature. But slowly as those facts and phenomena 
of natural laws were discovered, and made the pro- 
perty of all time by being handed down from one 
generation to another, still each fact or each thing 
which became known — however long the interval 
between its being so and the last which had 
been discovered — added to what may be called the 
general store. Each generation thus became richer 
than its predecessor; and as one now and another 
then was adapted to or made use of in what we 
now call mechanical aids, man became gradually more 
and more helped in the doing of the mechanical work. 
And with the increase of those adaptations or aids, 
the range of his work was widened, so that a large 
amount of labour was performed which no hands, 
however deft, no body however powerful, could ever 
have accomplished. 

But what we wish the technical reader to specially 
note here is, that while this observation of natural 
facts and phenomena had resulted in the discovery 
of not a few mechanical contrivances, by which a 
larger amount of work was done than some are now- 
a-days disposed to admit ; and although they were all 
of necessity dependent upon natural laws, it took so 
large a part of the whole period of man’s existence 
in the universe, not to find out what was, but even 
to guess at, the nature of those laws, that their 
discovery, explanation, and proof was reserved for 
times so late that they came almost within and some 
of them absolutely within our own modem times. 
TTp to the time of Newton — ^and that is not much 
over two centuries ago — ^there was no science, 
properly so called, of physics” — that is, the science 
which explains the laws on which the facts or 
phenomena of natural objects depend for existence. 
What in the true sense of the term had been done 
in a scientific way was very meagre indeed, although 
every little done helped forward the time when th# 
master-mind of the great Isaac Newton was given 
to the work of creating what was in truth a sdenoe 
of physics. Not bnt what generations before the 
appearance of N^wtou there was great , tMk of the 


^' lawB of narture”; indeed, the men of those oarly 
times who had much to do with the application of 
physical facts to the doing of work, or io the way 
of experimenting — ^for, in his earnest desire to know 
the reason why of things, man has ever been an 
experimenter, however rude — ^had little difficulty on 
the score of natural laws. They had an easy way 
of defining a law, or what they thought was a law. 
For example, if they noticed that certain effi^ts 
followed the operation of a certain cause, this cause 
acting in like conditions, they at once were satisfied 
by stating that such and such an effect followed 
because it was a law of nature. Thus, take the 
operation of a common suction or draw pump. This 
contrivance had been in use for ages — so long, in fact, 
that the date of its discovery or invention goes back 
to those remote times so “hoary grey with eld” that 
history has no record of them. But seeing that, in 
every case where used, water always followed the 
plunger or piston, or sucker as it was often called, 
leaving no space or void between them, this was said 
to be owing to the operation of a natural law or 
a “ law of nature,” and its definition was put in these 
terms : “ Nature abhors a vacuum.” It is impossible 
now to say how long this so-called or supposed law 
satisfied men, both learned and unlearned: that it 
did satisfy for long, we know. But at last some one 
had occasion to use a draw or suction pump— -as it 
was and is, although erroneously, termed — of much 
greater length, the well or source of water being of 
greater depth than usual ; when, lo 1 after the piston 
or sucker had reached a much higher point than 
had everbeen noticed before, the water somehow or 
another did not and would not follow, so that between 
the upper surface of the water in the pump barrel and 
the under surface of the piston or plunger, there was 
a space— and it must have been a vacuum, for neither 
air nor water existed in it — void or empty. The old 
law was here decidedly at fault. But the men of the 
time “ were equal to the occasion.” If the old law 
would or did not suit the new drcumstanoea now so 
far as known, for the first time discovered, why, of 
course the old law must simply be got rid of and a 
new one made which would meet these circumstances. 
The process was simple in the extreme, and the men 
of the time would call this, which they "had don^ 
in this easy way, no doubt, the “ discovery of a new 
law of nature.” This new law was thus formulated : 

Nature abhors a vacuum, btU she abhors it only dp 
io a distance or a height of thirty feet,” — this last 
measurement being the height beyond which the new 
pump, which gave rise to the new law, would not 
draw water, however long and however vigorously 
worked. We do not here follow up the point and 
show how the true law on which pump working 
dep^ds was discovered and fomnlated^ which 
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up quite « new era in practical physical science. 

it to aay that this ready and assuredly rough 
way of deddmg upon a new law in order to meet new 
circumstances did not suit, or rather did not satisfy, 
one thoughtful nian, and one eminently observant ; 
who therefore took up this special case of the pump, 
and thinking the matter out and carefully experi- 
menting, he finally deduced the great law of atmo^ 
spheric pressure, which, as we have said above, opened 
up quite a new era in physical science. Did space 
permit, it would be in a measure easy to give numerous 
examples illustrating the point we have here named ; 
and we may say, as an incitement to the reader to 
follow it up, that there is no chapter in the history 
of man more interesting than that which details the 
progress of physical science. 

But we leave this tempting and to us ever fas- 
cinating line of study and research, to take up the 
more immediate points we have to deal with. But 
the direct application of what wo have just given to 
those points will be at once seen when we beg the 
reader to note this: that while the practical man 
engaged in mechanical work is now vastly indebted 
to the scientific men who in modern times have 
formulated the physical laws on which all mechanical 
work is done, the scientific men could have done but 
little, and that slowly, if they had had to find out, 
that is, discover, all the facts for themselves. Many 
facts the modern scientists have found out — they are 
finding them out every day — but at the period at 
which the new era of machine science was introduced, 
the scientific men who brought it in or inaugurated 
it found ready to their hands, in helping them to 
deduce the true laws or theories, a vast accu- 
mulation of facts, the work of generation after 
generation of practical men who had lived before 
them, and had noticed them and stored them up, 
Again and again have practical men noticed a fact 
which has staggered them, but which has been laid 
hold of by men of science — just as in the case of the 
new fact as to the pump we above alluded to— and 
made the occasion of the formulating a law or a theory 
which in its turn has proved of eminent service to 
practical men succeeding. And this process is what 
is now going oh around us every day, with this new 
feature as compared with the general circumstances 
of the days of old — that the scientific men themselves, 
how ever experimenting, become, so to say, the prac- 
tical men of the olden times, who chiefly were observers 
of facts, and the facts or phenomena of those experi- 
haents again become the basis of working theories of 
togh practical value to the technical world. 

We have thus endeavoured to show how far the 
tA the machinist is one of looking at and out 
for things. And this looking at or seeing is itself a 
j^wer capab^ of b^g cultivated to a high degree of 


excellence. But it must be cultivated in a right way, 
exercised in a right direction, for, aa in all the work of 
man, there is in this a wrong as well as a right way of 
doing. "V^hat has to be said on the general habit the 
technical reader will find said in the series of papers 
entitled ‘‘The Technical Workman as a Student.*^ 
And on what is there said we would draw i^pecial 
attention to the necessity to look all round a subject— 
that is, to leave no part of it unobserved and carefully 
noted. Leaving these remarks, which are given in 
the paper now named, to speak for themselves, we 
pass on to impress the reader desiring to succeed in 
the work of designing and constructing machines with 
the value of the habit of looking before so as to 
provide for all contingencies of mechanical work. 

Providing for OontiLugenoiet in the Praotioal Work of the 
llaohiniat. 

This habit is of vast importance to the machine 
maker and general machinist j and where one possesses 
this what may be called mechanical prevision or fore- 
thought naturally, or takes care to cultivate it till 
it becomes, so to say, a second nature, it has a ^h 
pecuniary value. Some engineers possess it in a 
wonderful degree. Some inventors seem to have 
looked forward so far, and have seen so clearly what 
was required, and what would likely to happen in 
the course of practical working and experience, that it 
looks somewhat like the gift of prophecy. They seem 
to see at once what errors are likely to be made, 
what difiiculties in working will be experienced, what 
the result will be of carelessness and prejudice, and 
as clearly as if they were recording the events of what 
is past in place of providing for the contingencies 
of what is yet wholly a matter of the future. Hence 
the inventions of such men seem, like Mercury from 
the brain of Jove in the classic fable, to spring into 
life armed at all points. Hence, in such cases very 
little is left for succeeding men to do, or for the 
inventor to do for himself, save in experiments in 
quite minor details, and these chiefly in the way of 
construction ; the machine or system of machines and 
appliances remain for years precisely as they were 
first given life to by the inventor who has this gift 
of looking forward— of prevision. 

How valuable, in a pecuniary sense, it is, and how 
it saves the inventor no end ** of work, and, what is 
infinitely more killing, worry, the technical reader 
will perceive at once if we remind him of what is the 
but too general course which mechanical inventions 
have to go through : the alterations made one after 
the other ; this p^t taken out, another substituted; 
this motion giving place to that; breakdowns to be 
provided for, and the infinite variety of harassing 
little things which have to be encountered and met, • 
to say nothing of the prejudices to be overcome, all of 
which may go on for a long time, and necessarily 
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in moneji and at great eijmditufe in 
timc^ troulde, and worry, before theetage of parfeotion 
is reached, or that approach to it which in most cases 
the inventor can obtain and has to be contented 
with. And bo numerous have been the changes made^ 
* in the original inception of the machine, in bring- 
ing about this degree of pa^fection in its working, 
that the mventor finds its ultimate forms and parts 
in many respects ^^B^ent essentially from what he at 
first thought would be the case in reality. 

little more, need be said as to the importance of 
this habit of looking forward to what may be reqidred 
in work, for many exemplifications of it will occur 
to the thoughtful reader* It is obvious, for example, 
that its value is not confined to the perfecting of 
mechanical inventions, and to structures of all kinds 
coming within the range of practice ; but it is just 
as vduable, although in another direction, in con- 
nection with the whole range of the details of daily 
work. The habit makes men provide for all con- 
tingencies of workj^ so that no time may be lost 
< in waiting for materials, or acddents arise from the 
absence of certain appliances. Without this habit, 
indeed, it may be said with perfect accuracy that 
no machine shop or engineering establishment can 
be carried on and profits secured. Its value in 
the prevention of accidents may also here be noted. 
A very suggestive example of this is met with 
in a story in the life of Bobert Stephenson, the 
celebrated railway engineer of the lost generation. 
The story is not generally known, and is worthy 
of being told here for the lesson it conveys. Ab 
the reader will probably know, immense tubes or 
tubt:dar girders carry the up and down lines of the 
railway which crosses the Menai Straits, dividing 
Anglesea from the mainland — the whole structure 
b^g best known as the Britannia Tubular Bridge. 
Those tubes were constructed on pontoons lying along 
the shore, and were floated to their places near the 
towers and piers or abutments which were to support 
them, at a great height above the water-way. The 
ends of the tubes were passed into recesses formed 
in the upright faces of the tubes, and they were 
gradually raised in these to their intended height by 
means of powerful hydraulic presses placed on the 
summit of the towers, the tubes being suspended from 
the presses by large chains. As may be presumed, 
every precaution was taken by the engineers to have 
aU the parts of the lifting jgear made with strength 
amply sufficient to meet all contingencies of lift^ 
ing. Many engineers would have trusted to these, 
ftoling perfectly assured that not only would tbe 
'liftmg gear be powerful enough, but so strong in 
fits weakei^ paiiH-for it is at ti^t point in which 
the stoength ofi^a^ part of a machine 

parad may app^t^that ho breakage ootOd 


mxmr. Or, at aU events, as the dhanoes irm 
thousand to one against a bieakage ckicutt^ 
engineers would, with perfect ease of mind, have 
trusted to this chance. Not so St^henson: he was 
too great an engineer to be forgetful of what other 
men would have desjased, or at least have deemed 
to be of ho value, as little things,’^ and one in nd 
way disposed to trust to chahoe. Slewing well what 
would be the disastrous results of a breakage, which 
would allow such a monstrous weight as a tube was 
to fall freely even through but a small part of the 
great height at which they would ultimately be 
placed, hedetermined to provide for eveiyoontingenoy 
in the matter of the strength of the lifting parts. 
As the tubes were gradually raised by the enomous 
power of the hydraulic presses, the recesses were 
built up. In thk way solid masonry followed the 
tube at each end, so that if a breakage in the lifting 
gear did tate place, the hmght thxwgh which the 
tubes could fall would be reduced to a minimum. 
That minimum was but a few inches, for all that 
was required in the way of freelipace between the 
bottom of tube and upper face Of masonry, which 
was built up in progressive courses, vms what is 
technically called '^clearance.*’ Many engineers, having 
thus provided for the contingency of a breakage, with 
all its untold, yet in any case terrible and costly 
results, would have rested perfectly assured that human 
prevision could go no farther in the wiy of giving 
security. But here again the mind of Stephenson, 
like that of all great engineers, was equal to the ' 
occasion, and therefore in no way despised a little 
thing, il^owever “little” it might be to some, 
Stephenson knew that with such an enormous weight 
in the tube, and with such a length and variety of 
parts making this great length up, each of which 
was in a measure a link in the chain, the length 
of the very shortest fall which the tube could take 
in the event of a breakage would be too great in 
reality, from the vibration produced* in such a 
length of tube by the sudden stoppage of comii^ in 
contact with the hard, unyidding stonework carried 
up in the recess below it* Such shock might not 
do harin, but it might; and Stephenson, with trne 
engineering caution, determined that the “might 
lAppen ” should, if posaibie, be prevented or provided 
for. What was wanted in such a case was some body 
or surface on which the ends of the tubes were to 
fall so ^i^tio that it would, so to say, “cushion/’; 
mr relieve the abode, and yet. so strong that it wo^ 
not be crudied and destroy|^. This was found in,' 
0A the contingency provided for by, the employinei|t 
^ blocks of wood* The stone filling of the recess 
always kept at such appoint that, on each 
emnj^eted, sufficient was left Wpasotog ih 
rf.timberbetween^ttendtj^ ■ 
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tSB fiOMBBIlO HOUSE 0£ BOXB FMHHSB 
OB OESIOIEB. . 

Tas WoBX Of XHB Tooira Abohitkot ob BuitDXB iH xbb 
D zusBino or Houras roB Town abb Ooubtbz. 


Bi^ whidi is oomnioa to tiie honae <m groand floor Bind 
to all the houses in the flats above, of wfaidi .there 
are idiree double sets, as shown in the front elevatioB 
in fig. 12. The row or terreee in this arrangement 
may be divided or separated from the pavement and 


OBAPTEB Xin. street by garden or flower plots, which may bdoBg to 

A Strsrt House on the « m •fMtm, « maetratei jbi „ ^ ground-floor 

WsBtafi*.S(p. l8»,vol. lit.), ’ houses. These plot^ will be traversed by a 

In fig. 12 we give « front elevation " and fig. 18 f footpath leading from the street to the 

“ground plan” of a row or termce of street f door a of common lobbyin passagefifi.- This 



hIm'i I in,]u*r::: f ~f , • f •: : 

mg. 18 . 


houses on the “flat " or one-floor system, adopted from 
the system in which there is no sunk area, as in fig«. 
9 Bi^ 10, and in whioh the ground floor forms what 
may be called the “self-contained house,” as there 
iUilsh»ted> the difference being that in the system in 
4gh> 9 and 10 there is a separate entrance diroot from 
the Street given to the “self-contained house while 
.hi fig. 18 the entoroceii fiMMn.the l<d>by b b, access to 
trlflfdi is giten ^unst hm the street by the doore, 


path will of course be bounded by low parapet 
walls crowned with iron railings, separating it 
from the garden or flower plots on each side. 
Access to these will be obtained by entrance gates 
in parapet wall, those being under lock and key 
under the care of the tenants or oocupfers of the 
ground-floor self-oootained houses. The aeobmmoda- 
tion of idiese houses, and shnilarly of those in the 
“flats" dbove, is i&own in fig; IS, “ground or street 
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plan,” in which a the door to common "lobby” b h there may or may not be a bedroom or bedtwma 
and *^rtair” od, e e the landing. ^'Entrance door” Generally, however, the bedrooms are on the second 
to the house is at /, landing or " entrance lobby ” p, or upper floor, as is also usually the case in England, 
and from thence to the " central lobby or hall ” h A. In some cases this plan is modifled by having the 
The drawing-room is at i t, dining-room at j j, kitchen apartments on a basement floor, thus making 
Between them, and entered from either of the rooms, the house virtually a three-storied one. 
is a "bed-closet” k, having at one side the "china Street Eouses in Eowi (cimtinued). 

closet” If entered from central lobby A h. The prin- This class of house may be illustrated in figs. 1 and 2, 

cipal "bedroom” in the front is at m m, alongside Plate OLXI., and fig. 1, Plate OLXII. In this, as 
of which is a smaller " bedroom ” n n, a back " bed- arranged, the street is design^ to be made up of 
room” being at o o. The kitchen is at ^ jp, with a series of blocks separated by short distances, the 
"servants' bed-closet” at q, coal place at r. The spaces between being occupied by gardens, half of 
water closet is at e, and the " pantry ” or " larder ” each space being given to the end houses of two 

at tf a " bath ” closet being at u» adjacent blocka Each block is made up of four 

A qrstem of arranging and building street houses houses, two being placed in the centre, entering from 

Is now common in the Scottish towns in the wealthier the front; of the remaining two one enters at one, the 



districts which is a modification, if it be not a direct other at the opposite end of tlie block. The internal 

copy, of the separate or " detached ” system — in which arrangement or plan is as follows 

each house, whatever be the number of its floors, is Pig. 2, Plate OLXI., is " ground plan ” of two of 
quite distinct in its entrance from the adjacent houses the four houses of which each block is made up — 

— which is universal all over England. In England, one of the end and one of the central houses. In 

ae we have seen illustrated in figs. 1 to 6, there may be this, taking the end house first, a is the " entrance 

several floors in each house. This style may almost porch,” b the " lobby,” to right of which is a sxnall 

be called Metropolitan, as it is more frequently adopted " lavatory,” d, and to left a " hat and umbrella stand ” ; ' 

in London than in the provinces — where, however, e is lobby leading to " stairs ” to upper floor, the 

in Idle large towns, it is common enough, especially return stairs being over the lobby //; this leads to 

in the older-fwmed districts. But in Scotland, with the "back lobby gg» The door to "drawing-room ” 

comparatively few exceptions, the style is confined to 1 A is from side lobby «. The " dinihg-robm ” is at < t, 
two floors--^the ground, and upper or bedrpom floors ; ^rith pantry or closet y off and entering from it. The 
although this last may be called the drawing-room "kitchen” is at A A, with "scullery ” entering from 

Soor» as it seems to be a habit in Scottish houses it; m.m "larder” or " store closet,” n " china clo^” 

of this olaaa to have the 4rawing-room on the upper o " pantry,” p "bed^oloset ” for servant — or tfak may^^^ 

and ^ dinu^-rpom on the lowpr floor. In^tbis last be enlarged by adding thespaceof the pahtsy o toit. 
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XKS OABFEHTEB AHD HIS TBCHHICAXi WOBK. 

ITB OiUaiN ▲KD BABLY PBOaRBBS— T hb Pbikciples 
AND DBTAIIjS of ITS PEAOTIOB. 

CHAPTER XVII. 

Tnuied Bsebu (omtinuedy. 

In reference to the use of pressure-distributing plates 
in the bolts and nuts used in trussed beamsi we at 
the conclusion of last chapter (p. 101) pointed out the 
maxim of mechanical construction that all pressure 
should be distributed over as wide a surface as 
possible. Hence, if no pressing plate is used, the nut, 
na t or Xy must be unusually large in cross-section — 
out of all ordinary proportion to the bolt or end of 
tension rod, so that a broad base is given to it. In 
place of the arrangement for central bolt and head 
shown in fig. 5, Plate XCVI,, and fig. 10) Plate CLIII., 
and at a d A in fig. 4, Plate XCVI., the arrangement 
shown in last figure to the right of the upper dia- 
grams is used for large trussed beams. In place of 
a bolt and head, as d h, the beam as i i, diagram 
to the right at top of fig. 4, Plate XCVI., is embraced 
by the upper part, jjy of a cast-iron strut or bracket, 
sho^ in section in diagram below to the left hand 
at The bracket or strut is continued down- 

wards from ly where it joins the head yy, and is 
terminated at its lower end, w, by a part w, round 
the lower and rounded edge of which the tension rod 
op is bent. This edge of the part n is hollowed 
out, as shown in side view at n\ so that a recess or 
hollow is made, into which the tension rod as o* 
passes, and is prevented from slipping sideways. In 
fig. 7, Plate XCVI., we give on Imager scale the side 
view of a beam trussed in this way, in which a a is 
the beam, h, b, the struts or brackets bolted to the 
beam, as shown also at k in fig. 4, Plate XCVI., c o 
the horizontal part of the tension rod, bending upwards 
at either side, d e. In this form the outer and upper 
ends of the tension rods, as d, e, may be secured in a 
different way from that illustrated at pp,u v, in fig. 4, 
Plate XCVI. One method is illustrated in fig. 7 at 
c/, /being a cast-iron box or clip embracing the wid 
of the beam, in the recess of which the beam rests 
as at i^tjf in fig. 4, and provided with a ‘‘snug” 



Big. 86. 

iir projecting lug /, to which the end of the rod e is 
secured, the end being furnished with an eye through 
winch a holt is passed connecting it with the “ ^ug ” 
Jug, aeo«^ 


Trussed, or as they are often called c^n trussed 
girder beams, are sometimes formed wholly of timber. 
In figs. 86, 87 (in text), we give various forms, of 



Fig. 87. 

which we shall have more to say in a succeeding 
chapter. In fig. 86 the upper diagram is on the 
“king post” (see Roofs), the lower diagram on the 
“ queen post ” principle. These arrangements assume 
as a whole the forms of rectangular structures, as does 
also the lattice-trussed beam in the upper diagram in 
fig. 87. In the lower diagram the beam assumes 
quite another form. 

Some Bointi oomieoted with Ooaeral Framework. 

Having in preceding chapters illustrated and 
classified the various forms of joists used by the 
carpenter in the construction of framework, we now 
proceed to illustrate the various classes of that frame- 
work, or — ^to use the more frequently employed term 
— ^framing constructed of timber. Those classes of 
framing most generally used are exemplified or met 
with in house construction, and are known as floors, 
partitions, and roofs. But, in addition to these kinds 
of framing, there are several varieties met with in 
what may be called general work, such as the various 
forms of scaffolding and timber bridges, and that wide 
class of work in which the labour of the carpenter is 
combined with that of the mason and the engineer 
and machinist, as in harbour and dock work, canals, 
railways, and mining ; and in the various classes of 
work in which the mason and the engineer or machi- 
nist are concerned. We propose to give one or more 
examples of each of these various departments of 
construction, so as to afford to the student of this 
important class of timber framing as wide a series of 
examples as our space will admit of, which will serve 
him in a directly useful way as a guide to his 
practical work of the future, either as examples to 
be dii^tly followed, or as affording suggestions for 
designs of his own. 

Previous to entering upon the description of these 
various classes of timber framing, we deem it right to 
give a few remarks on some essential points connected 
with the execution of framing. These remarks are 
chiefly connected with vertical framing, such as 
partitions, roofs, scaffolding, etc., but are more or less 
applicable to all kinds of framing, as flooi^ and hori- 
zontal construction. In order that two pieces Of 
wood which meet may ^iye to each oth^ a mutoal 
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dt ibe t#o iiavlng a tendency 
to xnafee the ^ber 'tum its a^is, or, to nse'the 
popnier expreceioti, its side,’* or to " turn ovek*^” 
it is nsoaMttiT’ that th^ the two pieoOs should 

piss through a oommdn point* It follows that the 
axes of two pieces of wood joined one to other 
should be in the same plane, and that, with mre 
exertions, their general plans or surfaces are in 
planes pataQel to that (rf the aaces, wd conaeqtimitly 
the faces of the ssrynMage or combination are aU 
xM»mal to these same ptanes. This system, udiatever 
besides may be the forms which result from the com* 
bjnaticxo of the pieces, oonstituteB a cpecies of framing 
irhkb takes difihrent names according to the diflhrent 
poaitions in whi(dx it is empl^^ 

If the joints were out with rigorous predUion, all 
tibie pieces <4 & framing erected vertically would work 
e(xaotly in the plane of their axes, and the system 
would remain in a state or oon<htiQn of complete 
equilibrium. But, notwithsiwding all the care that 
may be taken with the work, we cannot hope for such 
perfection; besides, lateral thrusts created by the 
general building or structure itself exert upon a 
framing a strain or strains which tends to make it 
lose its proper form, and would inevitably overturn 
it if it were not supported by other parts which cross 
it, prevent it* bending or leaning in any way, and 
secure for it perfect stability. Bach framing repre- 
senting a plane surface, it will be eai^ to draw it, 
pointing out on the drawing itself the jaotual length 
of the pieces which compose it. 

In drawing the plan of apy framework, the simplest 
and easieBt process consists in imagining at first that 
the component pieces wo desire to use are inflexible 
rods, possessing neither width nor thickness — ^that is, 
mere lines. We draw in reduced proportions, and 
Separately, the partial plans of the different framings, 
by simple lines which represent these lines on the axes 
of the pieces. Among the figures which result from 
the combination of the lines in each drawing or 
framing, there are some which should in the first 
place suit the forms which the destination of the 
construction requires. Other figures, which are of 
no slight importance in the plan, should insure the 
stability of the construction. Ilus drawing should 
show the position of the pieces of wood which Ubould 
be common to the different framings whiA cross each 
other in the general design, if more than one. The 
|hincipal lines of the plan being thus established, we 
add to it those which represent the auxiliary pieces, 
having as an object either to multiply the number of 
the numerous points whidbi add to the rigidity of the 
fuming, or to strengthen some parts which the flexi- 
bfiiiy of the wood would render too weak, or in short 
the stradiis or pressures so as to ineet or 
resist or tram^t them to strangpe^ts 


ms fPMomm^L wmt: 

caplUs of zesieting tfamn. When wa^ve « 

ail the conditions, and in all the framings,^^^'^ 
iinenr plans made and drawn (see ** The Building Ihd f 
Ma^bine Draughtsman”) on a‘B(^e proportioned to 
the delmesa of the details which we must afterwards 
add to it, we draw, by other lines parallel to the first, 
and on ihe same scale, tjie thickness of the different 
{ueoes, in ordm* that they ^y have the strength re- 
quired by their situations and the I ^ctionii they have 
to fulfil, commencing with the most important or 
those wMoh are the highest, and which have the least 
strain or the least weight to support. The drawings 
wMoh this first work gives correspond to those which 
ardbiteots call plans and sections (see ^^The Building 
and Machine l^nghtaman”), and are made according 
to the principles and practice of descriptive geometry. 
These drawings, figuring carnally all the necessary 
dimensions, to fix exactly the position of all the pieces 
and point out thmr general rel^Uons, usually suffice to 
guide, thecarpehter in forming the projected framework. 

In general, the pieces of wood used in carpentry 
are not prepared with such preoidron that we can, as 
in other departments of construction, trace on their 
surfaces by rule and compass, or by templates or models 
of full sise, lines which should determine their dimen- 
sions in length and the position of the joints. The 
pieces of wood are of a i^ape, sise, and weight, which 
do not admit of moving them easily and turning 
them in all directions, as rendered necessary by the 
number of operations required. Besides, in drawing 
each piece independently of thoito which should be 
joined to it, we should introduce into the position and 
the shape^of the different joints errors oi^ mistakes 
which it would be almost always impossible to correct 
when they were placed in dtu or in pc^tion. In the 
art of the carpenter there is therefore a method of 
drawing on the large scale similar to that employed 
by the shipbuilder, in which no joints ire drawn with 
predsion, He draws upon a large surfaoC^in the art 
of shipbuilding it is called a drawing-floor ’—the 
design of the frami^ in full me. This drawing is 
often oalled by the name of ** the lines ” or the work* 
ing lines ” of the design, as it contains only the lines 
trUdi are strictly necessary; these lines are the axes 
of the pieces, or the reproduction on a large scale of, 
the linear plan which we have already alluded to. 

In order that the axes of the pieioes should he 
exactly vertical to the Hues which represm^t thmu 
on the working lines,” it is necessary that these : 
axes .should be drawn on the {deoes qf timber fons^^ 
this framing/ .This operation is effected by meahs of ; 
lit line. In a framing, as for example e pejiatibhr 
the pieces of which should be eacaotly squaSTe, the lil^ " 
of juhdtion should be straight and pezpendimdar tb^^ ; 

plane the axes of the fasces, and to eadi of I 
■ ,foces'w|d<^ Bxe tlmi^ ; . 
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OHAPTBR XX. 

mu XftiiAgeiiiEat.— Bookiktopiiig Coofn^imdd), 

TwEttE is abo anoth^ book kept, whiob is called the 
'^cash book.” This book shows all the amounts of 
money paid, and to whom; it also shows the amount 
of money received, and from whom. This^is a very 
simple tmk, and easy to keep. It does not show 
at a glance, nor in any way whatever, how matters 
stand as to profit or loss, but it is a necessary book 
to keep ; for though it does not give the idea that 
there are either profits or losses, yet when properly 
** entered ” it is seen at a glance where moneys are 
not paid or not received. In entering the goods from 
the day book into the ledger the number of the day 
book is entered in the ledger opposite the account. 


year in uiy article, it atonce calls for an investigation* 
This method Has a stimulating efieot upon those in^ 
charge, or the one who is responsible for thd use or 
the waste which is made. 

In the same way the comparison of weight turned 
off in yam, and the cash in wages for producing, that 
amoimt of work, is also investigated. These are 
simple methods, and ought to be fully csrried out, 
otherwise it is almost certain that eEpenses will in-^ 
crease, even with the best of systems; but such means 
as above named at least arm us with facts,” and 
show how and where they exist, and this gives tis the 
clue to the part which may be in fault. A division of 
wages ({.a the prepanng-room wages) can be taken 
from the gross wages an^ compex^ Erith former 
corresponding periods, and the spinning department 
can be so treated. 

lliose unacquainted with the businesB of a mill 
might probably determine that separate and indi* 
vidual investi^tions into articles which have been 
used in the works Bxe altogether useless. Experience, 
however, proves how desirable it is that such minute 
search should be made. We know to almost a cer^ 
tainty that many careless workers of machinery, etc., 


This method of numbering makes it easy as a refer 
ence when i^equired without any unnecessary lo^ of 
time. The same plan is adopted with the cash book 
and the ledger. We have said a cash book is indis- 
pensable. It is sombwhat of a check, especially where 
any bookkeeping is kept by an orderly man. In 
making out invoices from the day book it is a com- 
mon practice to write the initials I. D. — t.s. invoice 
delivered.” 

Bookkeeping for cotton mills may be said, as a 
rule, to be on the ** sipgle entry ” principle. It is 
called single entry, and well it might be, because 
it is simple booUeeping, and in most mills it is 
found to be quite aufficimt to keep the book by single 
entry. Where anything approaching order is carried 
out, it can be performed at a small expense, and 
references to anything can be quickly found. We 
know that at some spinning miUs the books are kept 
by what is called ** double entry.” This is the case 
gmerally where a staff of derks is kept. 

The system of classifying goods used in the mill is 
a good one, and one which is frequently adopted, an 4 
with unmistakable advantage,— 1.0., certain articles 
kre, kept in account by themselves, as . timber, oil, 
tallow,, etc., etc. The* object, principally, of placing 
.each article under own head is good for comparison 
* Qt one account with another (this is often called book- 


have had to pay the penalty, and have come to 
beggary, partly from the lack of analysing the cost 
of each department and comparing one year's cost 
with that of another. It is obvious to us all that 
expenses will increase, in face of what can be said or 
done by the most careful managers. It is found in 
domestic or national management to be the same. It 
is seldom found that the production of any article 
lessens in cost, save and except where some improve- 
ment in machinery can be accomplished. This being 
a well-known fact, the best way to meet it is to inves- 
tigate; and that can only be done by perseverance in 
a eystem of some kind, and where each and everypart 
which requires money to carry it on with has its share 
of search. We are not inclined to recommend expen- 
sive methods, or systems so elaborate as to more than 
counteract any than can be gained by them ; that, 
is not necessary — ^it is wasteful. We have seen how 
a love of multiplying systems, involving the employ- 
ment of additional clerks, absorbs a large share of 
profits. Office-room, books, clerks (under and upper), 
and wages, are a considerable item in all works, and 
t)ierefore simplicity, with of course completeness, is 
all that is required. We would say, in concloaion of 
this subject, that, though it may seem to these whc 
have little or no real practical experience in the 
matter of keeping their books throughout, a spinning 


by do^^^ This is generally added up concern would appear of little moment^ the great 

twice a year, and then at the year's end object in a spinning mill may be summed up in a few 
^ full consumption of each article can be compared words, and apparently that would seem true; f.e., to 
of the j^vtous JBBT. Should the con- produce a good yam and at as small a cost as {ktetihle. 
of the present yam thefonhi^ A prud^t man would say, Let me see it in Uad; 
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and white % and let me have a system, though simple, 
, by which 1 can trace the facU of this prodtictioxi 
daily. Let my method of examination be of that 
kind where errors can be pursued with comparative 
certainty, and thus let me have a chance to cure the 
disease, if there be one, before it takes too much 
hold of the concern, that it may be redeemed before it 
is past redemption.” Bookkeeping is by no means 
spinning, or preparing for spinning. It is the nerve 
which gives warning of the danger, and might be 
called the telephone which speaks plainly and which 
does not often deceive. It is not the spinner, but 
it ^ves the result of spinning, etc. Success in all 
kinds of business is truly attained by taking care of 
small things; watching and guarding against every 
possible source of loss, no matter how trifling it may 
appear to be. In business nothing that is useful is 
trifling. 

Weaving.— The Loom. 

We have in a preceding chapter described in general 
terms the process of weaving yam into cloth, and 
have detailed, more or less minutely, the duties of 
the weaver. We shall at this stage of our series of 
papers describe the mechanism employed in weaving, 
as the same form of machine, identical in principle, 
differing only in detail of constructive arrangement, 
is used in the fomation of doth from the yam or 
ihread of wool or the fibre of flax to the filaments 
of silk. And os we may hereafter have space to take 
up the woollen and flax manufactures, what we have 
now to give on the mechanical work of weaving will, 
in such a case, apply equally to those two important 
branches of our textile manufactures, and to the most 
important of them all — namely, the cotton — which 
has already in the preceding chapters of the present 
series been fully detailed. 

Weaving is the art of combining two systems of 
threads which cross one another at right angles and 
entwine with one another. The one system, which 
consists of threads arranged to run parallel to one 
another throughout the whole length of the ** piece ” 
of doth which has to be woven, is called the warp ; 
the other one the weft or woof. The latter consists 
of a continuous thread or a number of threads which 
run through the threads of the warp backwards and 
forwards, or rather from right to left, left to right, 
right to left, and so on. Amongst goods, those like 
lace are distinguished by consisting of warp with the 
weft running diagonally, or of warp alone, or else of 
a single thread arranged in a wave or snakelike form, 
and woven into loops and meshes by being entwined 
m a peculiar way. 

For weaving goods the ordinary loom has ' served 
for ages, and for plain sorts is still in u|^ on account 

its great simplicity ; in f^red goods, espedally 
where the design is ekl^rate^ the loom has become a 


most complicated machine. The description of looms 
and other machinery required for weaving, and Used 
in ancient Home, has made itself known to us through 
illustrations of Homan life found in certain placet^ 
one of which is represented in figs. 1 and 2, Plate 
OOLXXXI., the latter being the shuttle.” 

Among the relics of the houses built on piles which 
are to be found near many of the Swiss and Italian 
lakes, and are supposed to be at least several 
thousand years old, explorers have come across woven 
fabrics so skilfully xnade that for a long time they 
were thought to be the work of a much more highly 
cultivated people than the dwellers in the lacustrine 
or lake houses, and were supposed to have come into 
the possession of the latter through trade (see fig. 3, 
Plate OOLXXXI.). We have succeeded in imitating 
these relics of the past ages with looms similar to the 
old Koman represented in fig. 1, Plate OOLXXXI., 
so that we can take it for granted that rimilar 
machines were used by these wonderful people who 
built their houses above the water. This inference is 
the more to be regarded as tnie, because in the 
remains of the pile-built houses balls of clay and round 
stones with holes in them have been found, resembling 
those used in the looms of the Homans for stretching 
the threads of the warp. In speaking about the 
construction of the ancient looms we must not omit 
the one which the Indians use to this day for pro- 
ducing their wonderful textures. In this particular 
kind of looms power is put into the background ; 
the hand of the skilled workman alone is trusted. 
And just on account of this peculiarity Indian 
weaving not sunk into a mere mechanical opera* 
tion, but has remained an art, like it was formerly in 
other countries. 

The Indian loom is remarkable for its striking 
simplicity, and the Indians probably use the identical 
looms that served their forefathers centuries ago. 
Their loom consiets simply of two rollers or poles of 
bamboo and two tools. The tool upon which the 
weft is wrapped is at the same time both a shuttle 
and a rod ; consequently it is made like a big knitting 
needle, and its length is rather greater than the 
width of the cloth. This' arrangement the weaver 
carries under a shady tree, at the foot of which he ^ 
digs a hole to contain his feet and the lower part dl 
the loom, and then stretches the warp on the two 
poles, which are fastened to the ground by pegs at a 
considerable distance from one another. The upper 
part of the machine and the lever belonging to it are 
fastened to any suitable branch ; to the lower part of 
machine he fastens two loops, and by placing jbis 
sho^ in these, forms the treadle* He does not rxfll 
the warp up, but stretches it at full length on the . 
grass. Under such oiroumstanoes he cannot carxy m 
his work in wet weather.* Fvery evening he has to 
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, ciarrjr Ibis loom back to his hut. With ub the weather 
preiveut such a system of weaving ; but besides 
objection^ the desire to have a more substantial 
machine has caused inventors to improve and perfect 
the loom. In the western countries spinning and 
weaving were the principal employments indooi^ ; in 
fact) in former times the whole clothing of a family 
and of their servants was n^rly always spun and 
woven at homei and principally from and hemp 
grown on the premises. In Charles the Great’s time 
special buildings were erected on the large estates, in 
which the female portion of the tenants carried on 
spinning, weaving, and the making of clothes* 
Besides the manufacture of linen the production of 
^ some excellent sorts of woollen stuffs was carried on 
on a very extensive scale ; and both these branches 
of industry have maintained their importance, even 
after the citizen life in towns had reached its full 
development. Many towns, both in Germany and in 
the Netherlands, owe their prosperity to these 
industries. We can trace the manufacture of cloth 
as far back as the eighth century. The principal 
places where the manufacture of woollen stuffs and 
cloth were carried on were the country inhabited by 
the Frieslanders, the large tracts of land in the 
Dutch provinces suitable for the rearing of sheep, and 
the towns of Kempten, Zwolle, Deventer, Zutphen, 
etc. This industry, which was carried on in the 
towns themselves, soon spread to other cities in the 
Netherlands : in the fourteenth century it was at its 
height in the towns of Ghent, Bruges, Louvain, 
Brussels, and others. The disputes and even tumults 
caused by the quarrelsome weavers led to their migra- 
tion; and cloth weaving was thereby removed to 
the districts near the lower and middle Bhine, the 
Danube, and the provinces of Saxony and Branden- 
burg. These quarrels and diaturl^ces were the 
beginning of the decay of this important branch of 
indqstty in the Netherlands in the fifteenth century. 

As spinning and weaving in^ those times were done 
entirely by hand, it can easily be understood how in 
in many towns so large a number of the inhabitants 
earned their living by carrying on this work in their 
houses. Many towns, in which the cloth manufacture 
has been carried on for centuries, still pursue this 
industry on a smaller or larger scale ; but with few 
exceptions it has passed from the cottages to suitable 
mills. To illustrate the diversity and number of 
opeiations through which the cloth has to pass, it 
may be mentioned that formerly a piece of cloth 
coming from the weaver, in being napped, milled, 
inused, sheared, dyed and pressed, had to pass through 
dlfi^nt hand^ for each process, and under the mo^t 
favourable cfrcumstanoes could only be delivered to 
:tbe buyer after a lapse of several months; whereas 
^ 46mg steam power and the newest machinery, it 


has been often shown possible to deliver goods made 
from wool received at the mill but a few days previous, 
and at the same time the cloth iHade by machinery 
is much superior to that made by hand. A similar 
state of things has taken place in the linen weaving : 
flax spinning has opened the way for linen weaving, 
and the latter has been greatly assisted by tiie 
Jacquard loom. The beautiful linen damasks (table 
cloths, for example), orhamented with large designs, 
which were formerly all made in hand looms (a special 
kind were used for making, these figured goods), are 
now oocasipnally still made in hand-looms, but alwa]^ 
with the Jacquard machine. 

We now proceed to describe the loom such as is 
generally used, and refer in our description to thd^ 
sketch in fig, 4, Plate CCLXXXI. 

The Loom and Weaving. 

The loom varies more or less in its dimensions 
according to what sort of cloth it is intended to' make. 
The framework of the loom AA,aa, is about 1*8 to 
2 metres high, 2 to 2*7 metres long, and, according 
to what stuff is woven in it, 1*2 to 1*8 metres wide, 
or sometimes even wider, and consists of a number 
of square pieces of wood running lengthwise and 
crosswise (a a) and fastened together as shown in 
the illustration, or often simply kept in their places 
by supports which are attached to the walls and 
ceiling of the room. In conclusion, we refer to the 
figure itself, which will be found to consist of four 
principal parts. 

(1) The warp beam with stretching apparatus. 

The warp beam, usually revolving on two iron 
pivots between the hinder columns, holds the warp 
which is wound round it. This warp is always being 
drawn off, passes over the breast beam o and the 
roller n, between which it is stretched, and can be 
fastened by its ends to the warp beam and the roller 
by means of small claws. If with a short loom it 
is necessary to stretch a long piece of warp in order 
to dress it, or to neutralise the influence on the 
direction (height) or tension of the warp caused by 
the difference of thickness between the warp beam 
and the breast beam (when the latter serves also 
as roller), these two beams are placed higher and 
lower, and in the place that they would otherwise 
occupy combing beams are placed to guide the warp 
and cloth, and are diown in the illustration by h and 
c. For this reason the warp beam is not unfrequ6ntly 
placed at the lower or upper ends of the pillars of the 
loom. The stretching of the warp* can be arranged 
so that the end fastened to the warp be^ remains 
fixed during the stretching, or if required can be 
slightly slackened. The former stretching is aoomn- 
plished by the warp beam being held fast by a ratchet 
wheel e and a detent /, whilst the warp is being 
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«bratd^ if tat axeaogniaQt of oog 'ii^oda g «lste<diad to tiiB uppor or knror' 

liO t&d roller !Clie i^tohii^; u to be preferred << ^ > 

lor Wtain Idbds df yf^ving, Hie degree to which 3^6 healds cannbt seen in the pi^ iUturtii!^ 
tJie etretohing is to be carried out is regulated by the tion, but several different lands of them are shb^ 
fhitoess and oldBeneas of the material cr the fabm^ hi fig* fii Ph^te OOLXjXXL The firsts marked Ai . 
Too much stretching impedes the insertion of the idiows a heald in which the upper and lower parts 
weft and the lowering of the treadle^ and also in- are alike, and the warp passes through at the point 
creases the number of broken threadfu On the other where they loop into one another, sleeperB and 
hand; if the stretching is not sofficWt the weft wi^ks hangers not attached directly to the shafts, but 
Itseilf in too mnch, and the texture beomnes loose and fastened to a cord runnixig along their upper ahd 
uneven. The warp which has already been divided lower edde. This heald is used principally for cotton 
into peats is kept in this state whiM in the loom and linen weaving in Eranoe, Ibigland, and Korth 
by means of a number of pieces of wood called cross Germany, b is a double heald ; ea^ thread of the 
rbds or gaug^, and whibh pass through it at right warp requires two such healds ; the sleeper raises the 
angles. By means of these rods, over and under thread to form the upper shed, and the hanger placed 
which the separate threads of the warp pass alt(^ behind lowers it to form the lower shed. Double 
nately, the warp is. kept in its place, and if a thread healds are v^ much used in Lyonese looms for 
breaks it is taken up again much sooner by their weaving silk. 

means. In the tiiree following kinds of healds, o, n, x, the 

(2) me taekle with treadle. deeper has an eye made if meaiu of a plain or 

' ' knotted loop, but the oomUnation of the two parte 

iV> be able to pass the weft through the threads of u the same as iu B and x, o w a irin/i of 
the warp in order to make the two combine together, much used in Germany for leaving different sorts of 
the threads of the latter must be divided or separated so ' goods. F isafonn of heald which «tT«A mto vogue 
as to make a space tor the former to pass through, in America, in which the leaf is omitted. The heald 
This is attained by lifting up one part of the warp thread a forms two knotted loops (which in the 
by mesns of flyers or shafts; in order to make a illustration are represented open), the thread b passes 
greater space for the weft, whilst one port of the straight through the loops, and when hdd fast by 
warp is being raised the other part is depressed, them forms the eye for the warp, o represents wire 
The whole arrangement for forming the spaces, the and tin mails, used principally for wool weaving, 
shafts and their eospension, the treadles for working where thread healds would be too slight and would 
the shafts, and . ell the other machinery connected wear out too soon. H represents glasS mails, used in 
trith them, are called the tackle, mounting, or harness, looms for weaving silk and different eorts of ilnwnijiira 
If in linen weaving the threads are not very dose In a iiie tl|liper and loww openings are for the sleepers 
together, two shafts are quite sufficient to form the and hangers, the middle one is that - through ^riiich 

qMtoes. Through one draft the first, third, fifth, the warp passes. In b drree or more threads of the 

seventh, etc., thread passes, and through toe other warp can pace through at once, 

toe second, fourth, sixth, eighth, etc., thread, and The tackle is placed behind the batten, and is 
each shaft alternately raises and lowera the threads attached to one of the toafts, «, by of oords 

ru nning through it. The part of the warp that is connected with one <rf the^ sticlcB, and running ovw 
raised up is called toe upper shed, the part depressed rollers Or over a cjdindca-, t, revolving on pine afid 
is known as the Iowot shed or bottom of toe warp; fastened to the upper stick of a second shaft, which 
toe dze of the opemngs is tenned toe <‘8hed" or balances the first in such a way toat as one rises the 
pass.’* other is lowered, and vtoe vsrsd.. , The lowering of toe 

' According to the nature or quality of the fabric to shafts is eflbcted by means of a treadle or footboe^, 
be woven more or fewer shafts ere used ; fi?om 2 to 30 r r, which is also connected with ihe lower shaft by 
or more shafts can be employed. Each flyer or shaft means of oords fastened to the The 

consists of two dender sticks placed 17 to 22 oenti- of treadles for weaving linmi or goods is two, 

metito apart, and taking up the healds or heddles Different and also compound amngementsof tnadles 
with todr. en^ Hese healds, in order to last as used for weaving other kinds of goods will be desmbd' , 
long as posdbie,'are made out of double i^ad of when speaking of these goods, 
eotton or linen twisted and varnished, or else out of ^ 

silk, m any case they sure twisted or knotted into a . (^) battea vsidt reedi catd eluMlu, . . 

loop or eye, or else hold a little, ring (mail) glass The reed inserted in toe batten kMps the 
<tf metal, whito is dipped into’ toe loop. I^e healds constantly at the same width, and to it toe 
itoto different notoee, aooprding to whether they uto which is woven in by me^ ^ .toe toui^ ^ f!!*- 
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<dbs6D)e8ft and af spit. The fipools j^ao^ in the spindle are eitli^ 

evenneiMf of the attach* i^se shuttle cops or fast shuttle <^pB^ : The first , 
n^t* The batten hihl^ fig. 4, Blate OOlASCStXI., kind is put loosely on the spiti and its rate of revolu* 

; la a wooden frame, rather wider than the breadth tion is usually related by a slip of metal pressing 

of the warp, and is fastened to the upper <^pw*'piece against it. The fast shuttle cops, are placed firmly 

/it, called the batten beam. Thie beani possesses on the spit and do not revolve, hut the cotton is 

pins which work in suitable grooves, m, In the upper easily drawn o£f, and passes thn>ugh the rounded 
longest joist of the Idom, and hava£^ pl^ In them, end of the shuttle. ^ The spools . themselves are made 
Tb the projecting ends of the batten beam are fastened out of wood, paper, or even reeds, and i^e latter 
the two aims or shafts hi and t/b. To these arms, are often tied at the ends with tarred thread, to 
and placed above the warp, is the puU-to or cape, prevent them from splitting. In the side of the 
and underneath the same is the heavier cheek, which spindle there is an eye of glass or porcelain, to allow 
is often weighted, as its work is to assist the osm- me thread from the spool to pass t^!t>ugh. 
lating motion of the batten. Between these two parts, If the weft is to cause a change of colour or 
in which there are long slits, the reed (slay, dey, stay) matmal in the fabric, several shuttles can be used 
is placed. This consists of two pieces of wood 1—1 *2 one after • the other, or changed at will, by means 
* centimetre in thickness, which, according to the sise di of the double or changing batten or dix>p*boz motion 
the shed or pass, are placed 6—15 centimetres apart, invented in 1760 by Bobert, son of the heiore iaen- 
and are connected by two other pieces of wood at the tioned John Bay. For a long time Vincent used 
ends so as to form a frame, inclosing the dents, splits this kind of changeable shuttle for putting twelve 
or reeds, whidi are made out of flattened steel or different colours in the weft. Instead of the shuttle 
brass wire, or else out of small tubes^ Upon the box, which is divided compartments, raised 
number of i^hreada in the warp, and how many to the path of the weft every time the colour is 
of them pass between each pair of splits or reeds, changed, and then lowered again, there is now ^ 
the number of splits and the closeness of the* reeds arrangement by which the box can be made to move 
depends* A certain number of reeds or splits is called or turn horizontally. 

a treadle, and the breadth of the reed is reckoned (4) The front roUer or breast beam with unnder or 
in treadles. Each treadle contains 40—48 threads. regtdator cmd stretching rod. 

The upper side of the cheek, which slants off a When the front roller is .also the cloth roller, it 
little, forms the path for the shuttle, which is shut is provided with an appliance for rolling up the stuff 
in by the shuttle box at the ends. The shuttle most as it is being made. In this case holes are bored 
used for hand*loom weaving is made out of box wood, crosswise through the roller in order to receive spokes 
sometimes out of palm-tree wood, apple-tree wood or by which it can be turned round, or else two cross- 
beech wood ; it is 16— -40 centimetres long, 2—6 centi- bars are fitted on to the end for the same purpose; 
metres wide, and 2*5-^ o^timetres deep, terminating in both instances the roller is provided with a ratchet 
at tiie ends in comcal metal points in order to pass wheel and catch, to prevent it turning the wrong way. 

through the spaces easily. Two kinds of shuttles In fig. 6, Plate OOLXXXI., the cross arms p are 

are known, — ^the hand shuttle and the flying shuttle : attached to the breast roller, which is situated low 

the former is thrown^ by the weaver’s hand tiirough down and serves as doth roller. It is evident that if 

the open spaoe,^and for this reason is slightly curbed the cloth is not wound up regularly, it will visibly 

lengthwise ; the latter is throvm forwards and back- shorten the oscillations of the batten on account of 
wards by the driveis or triggera in the spool box, to its width. To insure a regular and uninterrupted 
which are fastened the cio^ o and the whip n. winding up of the doth, a regulator is used. This 
In addition to not being curved in its length, the regulator is universally constructed on the following 
flying shuttle possesses two small ^rollers placed at prindple. At each mov^ent made by the tre^dlo 
right angles to its longest axis. These rollers ][)rojeot 'or by the batten a toothed wheel is moved, and, by 
wty slightly b^ond the bottom of the shuttle, and means of intermediate wheels or a screw, acts oh 
i^ork very easily, so as to assist tiie ahuttle to slip a wheel attached to the doth roller and xnakes iho: 
to and fro along the lower shed, or along its path, same wind up exactly the quantity of 'doth woven 
flying dmttle, which is now so universally used, by each insertion of the weft. The top of the died 
was invented in the year 1783 by John Bay Bury, is therefore always in the same line, and the room 
and is sent alternately from left to right through for the batten to move in is always tbe same size. To ^ 
opening <ff the warp by means of a cord passing wind up the doth on the front rolleri it (the rdler) 
Vhi^ is made to revolve in the direction of tiie winding 

portion of the spiiidle is hollowed out, by means of weights suspended to it, and, in order 
to hold the ffxM or movable axle oaUed the to hold the doth fast and pull it along, the breast * 
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xoll^ has a rough covering such as fish skin, or sand 
glued to it, or spikes driven in, etc. 

livery time the shuttle turns round it pulls in 
the outside threads of the warp, causes a dixninution 
in the width of the fabric being woven, and forms 
an uneven and wave-shaped selvage. To remedy 
this evil it is customary to employ a stretcher or 
stretching rod, q. This tool is like a ruler, but 
made in two parts so that it can be shortened or 
lengthened, and has at the ends, which are about 
5 centimetres wide, sharp spikes which fix themselves 
into the selvages of the cloth. The ' stretcher is 
always placed as close as possible to the batten. It 
is rath^ longer, than the width of the cloth; and 
after being fixed in the doth it is moved back and 
refixed when a small quantity has been woven. Even 
this work is performed by a mechanical or self-acting 
stretdi^r, and is done continuously and without any 
assistance from the weaver. 

Operationi Pertaining to Weaving. 

After having examined the loom, as in preceding 
section, we turn now to the preparations for the 
weaving itself, and shall be better able to say some- 
thing more about certain subjects than we oo^d well 
do in describing the loom. 

The preparations for weaving refer to both the 
warp and the weft. The preparations connected with 
the warp : spooling, winding, beaming, dressing. 
In hand- loom weaving these operations are carried 
out by hand, but in steam or power-loom weaving 
they are principally performed with the assistance of 
machinery. The yam coming from the spinning mill 
is not always delivered on bobbins ; as a rule it has 
to be transferred from hanks to small tubes, from 
which it can unwind more easily, and this operation 
is called winding or spooling. The object of spooling 
is to wind the warp and weft on spools, which serve 
for winding the warp or for placing in the shuttle ; for 
the latter purpose the pin oops or cops coming from 
the mule ore not as a rule used right away. The 
spooling can be performed in a hand spooling machine 
or else in a winding machine. In the former only 
one spool is wound at once, but in the latter from 6 
to 80 and even more, which are placed in one or two 
rows or in a circle. Piarticular care must be taken, in 
winding the weft in the hand spooling machine, that 
the layers of thread are placed so that when being 
interwoven with the warp each winding comes off easily 
without disturbing or ptdling off the layers lying near 
to it. Loose and fast shuttle bobbins are smaller 
than warp bobbins. Ootton, linen, and woollen weft 
is often used wet, because it is then softer and mme 
pHanti allowing itself to be woven closer in the fabric, 
and in ootton goods more evenness and smoothness is 
ob^ned. To wet the weft it is either wound wet or 
afan^^q^la are leaned in water before bring used. 


In spooling, the cotton or silk yam is placed upon 
easily revolving winders, and the ends 6f each lea 
fastened to the qpoolfi, which axe made to revolve by 
means of endless cords connected with a dmm which 
is driven liy a treadle, or else by means of the friction 
from discs or cylinders upon whidx the spools stand 
or lie. With good yam the spools make about 800 
revolutiojas per minute. In order ’that the threads 
may be wound regularly on the lEpools, the yam is 
drawn through small glass rings in a wooden lathe 
which moves from side to side or up and down, and 
so takes the yam from one end of the spool ^ the 
other and causes it to be wound spirally. The move- 
ment of this lathe is attained by means of a heart- 
shaped disc or by some other similar arrangement. 

After the warp has been spooled thq number of 
threads required for weaving the fabric (the number 
depends on the width of the fabric and upon the 
closeness of the warp in it) are wound up so as to 
form a system of threads lying perfectly parallel to 
one another, and through which the weft can be easily 
passed. This operation is called 

Winding,' alto Warping and Warp Winding. 

The machine for carrying out this work is called a 
winding frame, and consists of a perpendicular reel with 
eight to sixteen arms, rather over two metres in height 
and three in circumference. At the lower end of the 
axle of the winding frame a metallic pin is inserted 
which works in an iron socket; the upper end of the 
axle stands out considerably above the top of the frame 
and fits into a collar fixed to the ceiling of the room. 
This arrangement allows the frame to revolve freely. 
At the top wf the frame three nails or pins are placed, 
called cross or traverse pins ; their work is to place 
the^ends of a number of threads (of a set of leas or 
half-leas) on to*the outermost nail, and then to place 
them crossed or plaited, hfdf over one nail, half over 
the other ; so that one half passes over the second 
and under the tbiixl, the oth^ half under the second 
and over the third nail. Then, when the frame is 
made to revolve, all tlie threads ^ they are wound 
round unite to form bands similar to the slivers 
spoken of before, and form a cpiral always going 
lower ; the bands then pass over (or under) the first 
of two pins situated near the foot of the frame, 
round the second one, and then back again under 
or over the first. Wb&j, by the frame revolving in 
the reverse direction, the bands are wound up to the 
top again, the crossing, as before explained, is done 
over again, and the operation is repeated until the 
required numb^ of hanks have been wound. The 
iPthreads, which are s|mled together, generally come 
from Bjpools placed horizontally in the hank oreri), 
and pass through a glass eye fixed in a guiding 
jack, by whirix the workman can regulate the 
of the threads npwax^B or ; 
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zas oltVAiranAL wood woekee and 

DSSIOSEE, 

tM. ikaeptmtrf mad l(»i]i«r7» eliidly tot Satierte Work, 

CBI^a QKB OB friCB 8UBSBOTXOKB OF THB FAFBB OV ** FOBM 

Jkm OOLOOB m xztdobtbial bboobitsok ”) 
OHAWBR VI. 

Vurtte Ixtaiplat of tkwnhlnationa in Ormaaiiiitol XffMt 
SttggiatiTt to tho ToBBf DooSinor. 

The principle of combination straight-lined perfora- 
tions or apertures in connection with the elementary 
fomlB of atm class may be further and usefully 
illustrated as leading the young designer of work 
of this kind to think out combinations; for if he 
does so well in simple, he will be so much the better 
able to cope with the difficulties of the more advanced 
subjects we have to put before Let us take 

the triangle or three-tided perforation, as at a in 
fig. 10. By arrannng the triangles in line, as at a 6, 



speaking two sides of it, as the base is wimting — ^by the 
proper inclination of two rectcmgular apertures or slots, 
as m n, meeting in point b, arrange those as shown at 
p p; and the pupil will perceive that as an arrangement 
of simple straight-lined apertures there is a pleating 
variety obtained, mid which gives a nearer approach to 
what is popularly called a ^ pattern,*’ although it may 
not be so readily designated the higher and more 
pretentious term ** design.” Yet design it is, if that 
word— as it assuredly does — involves a purpose ” or 
design With a definite object in view. (For some 
remarks upon the term design” the reader is i^erred 
to the chapters under the heading of ^'The Cabinet 
Maker.”) In place of having the central space in pp 
solid, it may be opened up by perforations as at g ; and 
if p p is to be a '^repeat” along a band, the repeats 
should be separated by some simple perforation, as at r. 
Where a large-fiized opening is required, the arrange- 
ment of the triangle kno\vn as the isosceles (see b, 




Fir. la 


and giving another line, as. at c din fig. 15, so that 
the apices or points approach each other, the ba^ bring 
at the lower and upper tides of the band and parallel 
thereto, a certain pleasing variety of perforated hand 
may be obtained ; the central space l^tween the two 
rows or lines of triangles being opened up with simple 
perforations, as at e/, or the triangles may be alternated 
as at a' a'. The triangles may be arranged in concen- 
trated or closer combination to form a ** centre part,” 
as at inner part of last diagram to the light hand at 
top, the bases bring towards the central point— or' 
as at h h, where the apices are towards the centre. 
By introducing triangles placed with the bases in an 
oblique position, as at tj h another variety is obtained. 

As showing the pupil how often a good, effect, or at 
least what as a new feature may be obtained, by simple 
mrims,.and as inducing him to think out even such an 
intigoificant form as a triangle— not much artistically 
in it^We give the following. In place of Cutting the 
triangqlf^ sp^ fully. out froui a triangler-^striptl^ 


fig. 10) may be used. The simple perforations as at the 
right*hand lower tide of fig. 1 5 will add variety and 
relieve the formality of the arrangement. But for- 
mality or precision is always a feature of all straight- 
lined forms, and can only be got thoroughly rid of 
by graceful curved lines. 

Fvrtlitr Examples of Straight-lined Ornamental 
Arrangement. 

Still following up the elementary forms given in 
fig. 10, as convejring excellent practice to the pupil in 
combination ” of straight-lined forms, and giving him 
the best introduction to more complicated work, we 
take the other forms in fig. 10. Not much can be 
done with the “ square,” as at % in this figure. If used 
by itself, or in line, it should never be placed with 
its tides parallel to one and at right angles to the 
other tide of an object, such as at «, but placed 
diagonally, as at A in fig. 10. Placed thus, and in line, 
as at a 5 c, fig. 16, and by spacing the diagonal 
”^out,as .at d s/, and placing sim^ple perfora- 
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g.aataflgn^gater vartoty diMmm in tW^fwp^ce&tf fipurtf ^ 

^Paibt is obtisuti^ diqMMung the sqtuues in e form id tiaed in amatn^u^W 
double r 0 W| as at A A, t another effect is^ |^rodnced| ** centre-piece/* one method of oiiitaimng iji dg*-^ 3/ 
tidihdi may be added to by the introduction of simple in Plate XLY*, fuother at a igement at 

dmdar ownings between. In this arran^m^ thb Plate XLY.^ and a still more pleamng arva^ a Wd 
4^peiiings are said to be ^'inteispaeed or ^' alternated/’ i A in same f|gura 'When spaced but al^)exhg left 
louw row of squaicet being arranged so that each at equal intervalsi tlm intervals^ in place of 



square in it occupies or falls into the space between solids may be opened up with some simple arrange- 
two of the upper row. The converse arrangement is ment of perforation such as at d <f or e e. In figs. 4 
shown at where the points of both' rows approach and 5, Plat»XLT., we give figures oombining some of 
or are opposite to each other. The spaces ^tween the elementary forms already given. Pigs. 2 eind 6, 
may be left solid, or better still opened up as shown at Plate XLY., are other arrangements of angular lines 
m and ft. The square may be used in part cutting to for pexforated work. Of course the workman wiU 
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form an opening, as at 0 p g r, and this form may be 
r^^bine^ uv, 

combinations which may be made out cf the 
btoentary foim of stmight-lihed figures, Iw in the 
ipe pp^/gy fig. 10, are illustvat^ to some 
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ijlLve, in cutting out these spebee, to stop i 

certain pbinisj this gives a solid |«lt, to 
whole together. If the is^^aces were cut ,ccmt^ih)nSi^ 
the partl» would Sio^y to cut ebt^ leavi^^^ 
hole. Thtt :^d|^piihg stort. wiU 
Sf this figuto have -^eu, W it ^ 
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■ ', OHAFCEE -^VIL.'' '; ' ^ 

tkniteivittOBi OMkttecttA witk 

WhASB a *^^cai|Ki ’’ is desii^ to a lootion fast or 
slow, its vslodty: to be accelerated dtrriiig a certain 
peri^ and to ^dimkish towards tho end of ita stroke, 
or tmvel k as t6 att^ tko sanoie speed it had at 
the begmxiing of the strc^^ and then again tO go 
, on tcm^s the point where the speed or vdoeity is 
quiokenedi a modidcation of the heart-wheel in dg. 1, 
Plate QXXXIV*., is used. This is illustrated in dg. 
Plak OXOIY. This Cam cannot be worked in a 
frame, but is used only with risihg and fatlii:^ rod, 
with friction wheel, as at ds in dg. 1, Plate OXOV, 
The illustration to be now given is shown with the 
rod at the lower side of the cam, the wheel of the 
rod as at 6, but this is done simply to give the young 
draughtsman an es:ercise in setting out the lines in 
a direction opposite to that in dg. 1, Plate OXXXIY., 
which is the normal way of delineating a cam of this 
kind. 

In dg. 2, Plate OXGY., let aft be the length of 
travel or stroke of the rod, as, cfe in dg. 1, Plate 
OXCY.,. and ft c the diameter of fiiotion wheel, as 
es in dg. 1, same Hate. Set off from point e a 
distance, as od, giving sufScient thickness of metal 
between the ixiside point of cam curve at o — ^which 
is the point of commencement of the curve required 
*-rsnd the inside line of eye or centre de, through 
whidi the shaft passes which carries the cam. From 
d set off half the diameter of the extended centre or 
eye of cam. In the heart-wheel cam,” as in dg. 1, 
Plate OXXXIY., the points of the curve are all found 
by the kterkction ^ mrcles with the radial Unes,* 
the distances between the circsles being all equat The 
poihts of the pkt^ .teken by the rod, aC ds, fig^ 1, 
Hate OXCY., or by the f^^ of the cam, if it works 
in a fxame, m exactly proportional to the angular 
velocity of the. cain^ lu this case, if the velocity or 
speed ed the stuift|», ^ 1,, Plate, OXXXIY., be uni- 
|ocm in a givsN tk^ the rectSlineal movement of the 
rod, as d ^ dg. 1, Pike <XXOY., is also uniform. But 
in tibia case now being illustrated in dg. 2, Plate* 
OXOY., the motion is not unifenn, and in place of 
> the generating ciroles , of the curve be|ng at equal dis- 
tances/ as in fig. 1, Plate OXXXIY., they aiae unequal, 
shown at points 1, 2; 3, 4 and 8 in fiig. 1, P)ate 
OXOY. Tb^ dista^es are to be deluded open so 
ihet 4hey edU be proportionate to the aood^tipn and 
ik t^ka^ velocity of the cam /motion at 

j^oints of the travel or stroke of the rod, as ds in 
^ Bavkg assumed those pdhta, as 

%j, CIK(^^ from MMora pt ^rcie 


d, with radii as s i, a 2, # 3, a 4, afi, deseiibe oii^ 
shown dotted in diagram. Draw throtigh the pbhahi; 
a, a, a, the diameter ak, and divide the seiido^^ 
into the same number-Hfix in the droismg--^ park 
as the line oa is divided ink ; and through the pointB 
andy draw radiid lines, as shown* ^ese 
are so letter^ to prevent the eonfusibn whioh 
arise by numbering points /, g, ft, t,j as 1, 2, 3, 4, 5 
but we suppose the draughtsman so to numbw theih, 
and^ if. so, the; points through which the curve wilt 
pass iriU be found at the intersecting points of the 
obdet deserSbed ^rom centre of d with the correiKpQnd-^ 
ingly numbered radial lines drawn from centre to the 
divisional pmnts in semicirole a ft ft. Thus, the firs^ 
point I is obtained by the intersection of theomdeal 
with the line a l (e/); tibe second point m is found 
at the intersection of the circle a 3 with the iwiial 
line 62 (ag); the third point n by the intersection 
of the circle a 3 with the radial Hne a 3 (aft); tiba 
point 0 by the cutting of the circle a 4 with the radial * 
line a 4 (a t*) ; the point p by the crossing of the oirde 
a 5 with the raciial line a 5 (ay). The t8rminatin|( 
point is at ft, at the mid of the diameter a a ft. This 
will give one-half of the curve of the cam. The other 
half is obtained by the radial lines, as g a, being cou^ 
tinned, as to beyond u, and the points will thus he 
as g, r, a, t, u, llie cam, where the drawing is shown 
fuUy delineated, is furnished with voids or vacant 
spaces, as in fig. 1, Plate COXYII., and fig. 1, Plate 
OXOY. 

In fig. 1, Plate OOYI., let a ft c d be 'the dimensions 
of the curve or the drde whioh limits the patib of 
the cam or revolving part. The peculiarity of a 
revolving cam is that, if connected with a part having 
rectilineal motion, it will give that part an. alternate 
to and fro or badcwsxd lind forward motion, (ff a 
varying character as to ^peed. Let tibe throw*’ or 
veitical rise and fall given by the cam be equal U 
die distance o a.^^ Divide this into two equal parts in 
the point 11, and from 11 as centre, with 11 a or 11 a 
as radius, describe the drde c4a. Divide half of 
this, as a4 a, into any, number of equal parts, as eight 
in the diagram ; and from points thus obtained, as 
1, 2, 3, etc., draw Hues perpendicular to the diameter^ 
aa, of the large circle abed, A series of points will 
thus be obtained on the line aa, as 9, 10, 1 1, etc. l^eixt, 
froin the centre/ of the large drde aftad, with radii 
as/9,/10,/11, /12,/18,/14, describe a series of 
concentric circles as i^own in the diagram. Neott 
divide the circumference of die large cirde a ft od mtp 
double the number of parts into which the seufidxdo 
a4 a is divided. This will give sixteen points in aftatf. 
Through these points draw radial lines to the centre/ 
The intersection of these radial Ikes witk die drokf 
described ^rom/, with radii as/9, /lO, etc.^ wiH 
a series ot poin,ts tbron|^ whi^ a curv^ line 
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be drawDi by hand. This curve will be the periphery 
or outside line of the oam» as required. Thus the 
intersection of the first cirole^/8, with the first radial 
lina/p gives the first point 7 ; the intersection of the 
aeoond circle, /g, with the second radial line/A gives 
the second point a; the intersectbn of the third 
cSrde,/10, with the third radial line / % gives the point 
4 ; of fourth circle, /ll, with fourth line / b gives point 
u; the point in the fifth cirde>/12i with the fifth 
radial line/y the point e; the fifth cirde,/18, with 
fifth radial line /k the point w; the sixth circle,/14, 
with sixth radial line fl the sixth point the last 
point being in the termination of the line/a. The 
ourve drawn from the point e to a through the points 
7, «, t, U| V, w, x, gives half the outline of the eccentric 
curve required. The other half is put in by finding 
points which correspond to those already found, these 
being at y, «, a', b\ o', d' and a. The student will 
perceive that the points, as v and x, are connected not 
by straight but curved lines. These ^ drawn with 
an accuracy proportioned to the number of points, as 
V X, etc., wHch are found. The greater the number of 
points the better; and therefore the greater the number 
of parts into which the drcumference of the cu*ole 
abed and the diameter c e of the smaller circle are 
divided, the more numerous will the points be. To 
prevent confusion, and to show the relation of the 
lines to one another, we have divided the circles in 
the diagram into as few parts as possible consistent 
with its accuracy. 

DsUneation of Koohaaioftl OontrivsiioM with Kotioii>*- 

The {eontinued). 

Cams ’’ are often used in the industrial arts, 
where stamping, pounding, or cru^ing of solid and 
bard substances is needed for one purppse or another. 
In the machines adapted to those processes the 
material is placed in a convenient receptacle, and a 
heavy pounder or ram is raised a certain height in 
the attached framing, and being released from the 
lilting appliance is flowed to drop or fall by its own 
weight upon the material which has to be broken up, 
: crushed or pounded. The lifting appliance is a cam,” 
and the form or curve of the cam is that known as 
the ♦‘involute cam,” the curve being based upon the 
** involute curve” (see “The Geometrical Draughts- 
man ”), just as the “ cams ” in fig. 1, Plate OXXXIV., 
and fig. 1, Plate OXCY., in this present series, are 
baaed^.upon the curve of the “epicycloid” illustrated 
i*The W ^^nictrical Draughtsman.” 

JLn fig. 2, Plat^ ’ te CXXXIV., we illustrate an invo- 
lute “cam,” the method of applying the 

curve illustrated in “The\:>vr}^ometrical Draughtsman.” 
To find its curve, let o be thei^.4>(^tre rf the shaft in 
wfai^ the cam is to be fixed, a V tl^^^^^height through 
tbc etamper pT: crusber has ndaed, and 


through whl^ it of oeurae IdUa ■''3^ we be tbS: 
gpnemting cirole of the curve, *>08 described tfson 
centre a. Divide this into any given nttmber of equal 
parts, as nine in the points d, e, f, g, A, t, y, k and d. 
From the centre a through these points draw radial 
lines as' shown ; and from the pmnts p, d, s, etc., draw 
lines perpendicular or at right angles to the radial 
lines, as the line dl to the radial ad; em to the 
radial o a, s A to the radial e a, fo to the radial / a, 
gp to the radial ga, hq to the radial g a, ir to the 
radial r a, j « to the radial ja, k t to the radial ka, 
and k u to the radial k a. Proceed now, as explained 
in connection with fig. 1 or fig. 2, Plate CXCIY., 
to find in those lines — as dl, om, etc. — the points 
through which the curve is to pass. The curve 
begins at the point d; that farther in, joining the 
“boas” or ^*eye,” yy, of the cam, is put in to give 
merely a Bjnmmetricnl finish, as the stamper does not 
come in contact with this part. The first part of 
the true or working curve — ^namely, do — is found by 
describing an arc from o as a centre, with od as 
radius; the second part, vw, is found by describing 
an arc etc from the point a as a centre with etc as 
radius. By proceeding thus the points o, p, q, r, a, t 
and u are found, through which the curve may be 
drawn by hand or “ set tmrve.” Or by putting in 
the various lines, as dv, vw, etc., by the compasses, 
the curve will be more easily described, and accu- 
rately enough. The diameter of shaft is a xy the 
thiclmess of boss or ring of eye xy; the inner part 
of the cam is filled in with a web z z ; the length of 
the cam, as from o to the point t, is found by taking 
a as a centi^ and « 6 as radius, and sweeping round 
as by the arrow V to cut the line j t, or line of curve 
tu m the point t, which gives the extremity of the 
cam. This may be slightly rounded off, as shown. 
This point is connected with the “boss” or eye of 
the cam yy by a curved rib^ as i^own. 

The length of the cam from a to ^ is dependent 
upon the radius of generating cirole, as ac. If this 
was longer than a c, the length of cam would have 
been shorter, notwithstanding which the lift would 
have been the same^ for the rise in the same length 
would have been greater^ The angular space passed 
thtougb by the cam would be in ihiz case less, so 
that it could be worked at a higher velocity or speed, 
the stamper giving a greater number of blows in the 
same time; the power bring, of course, proportionally 
greater than it would take to work the cam. 

In fig. 2, |*late COYl., we illustrate a method cl 
^ding the curve of st “cam” which gives an inter- 
mitting motion, but which motion is uniform during 
its stroke. The curve is that of an epicycloid. The 
motioU which hbe mm ffivm to the paii it actuates 
cr wricks upon is stepped at each end of its sttefep, 
the cam oeisteg te iazt upflii pavt ; 
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Dontiimed x^dution the workmg iurfaoe of the cam 
domes agaim iti coataot with the part io be moved, 
which is again put in motion with a.axiiform velocity 
or q>6ed throughout its whole stroke; and again to 
have a pause at its termination when the acting part 
of the curve ceases to be in contact with it ; yet again 
to be moved in the contrary direction when the acting 
part of the cam comes round in its continued revolu- 
tion. By adjusting the curve, or rather the gene- 
rating parts d it, the direction of the action of the 
cam may be greater than that of the pause or stop- 
page of motion at the end of the stroke of the moved 
part of the machine, or it may be less. 

Let a be the centre of the shaft which is em- 
braced by the eye or ** boss” of the ‘‘cam.” From 
centre a with radius a e describe a circle, as c d e/g h. 
Divide this circle into sue equal parts in the points 
d, 6,/, g and h, and join the first, as d, with the fourth, 
M ^9 by a radial line g d, passing through the centre a. 
Do the same at the second and fifth points e and h by 
a line eah. It is within those angular spaces thus 
produced that the acting surfaces of the cam are 
placed, and within which the points are found by 
which its curves are obtained. The other spaces of 
the circle correspond to the periods of revolution of 
the cam at which its curved surfaces cease to act 
upon the part of the machine to be moved. f 

The intersection of these droles with the corre- 
sponding radial lines, as from 1, 2, etc , to a, will give 
points as m, n, o, etc. Thus, the intersection of the 
first radial line, as £ a, with the first circle passing 
through d, will give the point m ; the intersection of 
second line going from point A;, as 4 a, with the second 
circle passing through point on line b c, will give the 
point n. The other points, as o,p and g, are found 
in the drcles passing through the points j, k and A, 
cutting the radial lines 3a, 2a, and la. From 
centre i, with radius h i, describe a circle which will 
give the outside pdat, o, of cam nearest the boss or 
eye. With same radius, as i o or 6 1 , describe a series 
of dreles-'Hdiown by arcs only in the drawing, to pre- 
vent confusion — ^from the points m, n, o, p, and g ; 
these cutting the r^ial lines, as A; a, 4 a, 3 a, 2 a, 1 a, 
and g a, will give points as r, s, i, u, w and g. . These are 
the points through which the curve is to be drawn, 
terminating at j^int g. The other half, as from /o 
to y, is formed in the same way. Fig. 2, Plate 
CXlXyil., illustrates the way in which the cam may 
be finished, and also how the nature of the curve 
of idle cam is varied, according as the conditions of 
its generation are changed. 

Tnjeetlni of the Bevelopiiisiit of SnrfiMes of MM 
Bodies hi tho Constniotlvo Arts. 

^ We have now to direct the attention of the pupil 
draughtsman to a vCzy important and very hiteresting 
Md, to tiie thbughtfid tyro in the art, attractive seriee 


of constructions useful in a wide variety of the work 
alike of those engaged in the various departments 
of building construction and of mechanical work. 
Those constructions or — ^to use the term more in 
accordance with the general principles upon which 
architectural and engineering drawing is based — pro-^ 
jeotions are connected with what are called the 
geometrical solids, which the reader wOi find described 
in the latter part of the series of papers entitled 
“The Geometripal Draughtsman.” The reader by 
i^erring to this paper will see explained the 
difierence which exists between those geometrical 
soli^ and what are known as geometrical surf aces ; 
a surface having two dimensions only, length and 
breadth, while a solid has three, namely, length, 
bi'eadth or width, and thickness or depth. In the 
present series of papers the pupil has had projections 
and constructions and problems connected both with* 
surfaces and solids : projection, indeed, properly con- 
sidered, is the delineation of a solid body in such a 
way that its parts can be shown upon a flat surface, 
which a sheet of drawing paper on the surface 6f a 
drawing board or floor necessarily is. 

But the projections hitherto given in the present 
series of papers have had reference to no special class 
of solids; examples having been taken just as they 
presented themselves as most readily adapted to 
explain the principles of projection we desired to 
communicate to the reader. But we are now about 
to introduce him to a special series of solids, upon 
which are based, as we have said, a variety of pro- 
jections of the highest value to the constructor alike 
of buildings and of machines, with all their varied 
departments of work. The solids upon which those 
projections are based are the “cylinder,” the “sphere” 
or globe, the “cone,” and the “pyramid.” The 
general features of these, along with those of other 
solids, will be found elsewhere in the latter part« of 
the series of papers entitled “ The Geometrical 
Draughtsman ” ; it is with those special characteristics 
on which the practical projections above referred to 
are based that we are now concerned. 

The projections here alluded to are of two classes, 
dependent upon or connected either with the “ de% 
velopment of the surfaces ” or with the “ sections ” of 
the solids we have named above; although in some 
projections both the development of surfaces and 
sections are illustrated. What is meant by the ex- 
pressions “ development of the surface ” of a solid or 
its “ section ” will be plained as we take up each 
development of projections based upon them. 

Of the four solids we have named above we shall 
take the “cylinder” first. This may be briefly de- 
fined as a circular or round solid of ui^orm diameter 
having paralld sides, and tamiinated at its ends by 
Circle^ the planes cf which %Te ewtly parall^ Ijp 
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«aefa other/ Wliest the eorfaioe of a cylinder' is do- 
ifielpped*’ A teotfl^gntor surface is formed^ as A t 
^ 0 ae'fig« 8| Plate OOXyiL)» the height of wUch, gh^ 
is equal to the length of the cylinder, u^ich in the 
eKsmple, to sai^e apace, is equd to the diameter of 
ihfi cylinder; and the length, f g or hi, equal to the 
leng^ of the oiroamference of the oirole, as (y os. 
The ** development of the surfaces of cylinders, or 
parts of cylinders, --^ther right cylinder,” as that 
in hg, 49 is called, in ^which the sides a o or b d, and 
ends as mb or o<2, are hoth parallel to each other ; or 
^lindmi the ^d or en^ of which are oblique, as the 
end i j or q r, fig. I, i^te OOXXXII, obtained 
the 'Cutting of their surfaces by lines in various 
positions, useful in a variety of operations con- 
nected with arches, groins, ceilings, stsdrcases, eto^, 
etc,, and in the formation of many parts erf mechanism, 

' eudh as boiler plates, tubes, etc., etc. 

Priaeipls npoa wMoh th# S^vslopiasnt of SnrfMas of 
Solid Bodios dopoads. 


The principle upon which the development of a 
cylinder is 'based may be explained thus ; and it may 
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be here noted that, for the term development of 
surfaces of solids the expression coverings of ^ds ” 
is icften substituted. Practically the two terms are 
qn^onymons. The latt^ term gives, perhaps, the 
most direct clue to the principle of this department 
Cf projection; for if the reader opheeive of any 
•olid as bmng covered with any thin material pr 
•ubstdnce, as calico or paper, so that evpry part will 
be equally and tightly stretched out, so embracing the 
solid and ^ surface as smooth and unwrinkled 

aS the surface of the solid in its natural or normal 
qondition, — if he will further conceive of this tight 
covering given to the solid so put on that by cutting 


or paper, he wiQ bp mhlb to undexstsfid it mjg&^ 
be so refolded or handled t^t it would take ihe form# 
the exact fonpx> of the solid round which it had been 
originally wrapped or wound. In othi^ words, it 
xnay be said that the flat surface of paper is the 
surface rf the solid stretched but before him. iLnd 
by no great exercise of imagination he can conedve 
of every Solid presented to hiin as being inclosed 
within a casing of some flexible material, which casing, 
if it could be taken ofl^ could be extended on some 
fiat body ; and when so ext^ded, the soUd, in its 
original form having three dimensions, length, In^eadth 
and thickness, would now be r^resented by a surface 
having only length and breadth. 

The pupil draughtsman, as he proceeds, will 
have examptes shown him by which he will see 
the direct application of the prindple of develop- 
ment*' here stated— ^a principle which embraces the 
converse of the^process, namdy, ^^envelopment’’ — 
but he will so far be able to see that in dealing with 
the solids the practical man wiU, in many of his 
opemtions connected with them, have great fadlitieB 
offered him by this principle, which enables him to 
deal with solid bodies as if they were flat Surfaces, 
and conversely with flat surfaces as if they were 
solids. Each solid has its own casing, so to say, 
or covering, which is capable of being extended or 
supposed to be extended so as to form a flat surface ; 
and if by some means we can produce— in the 
draughtsman sense ^project" — ^this flat surface, we 
can at will produce the solkl body or deal with any 
part of it in a oonstra^^ve sense. This extension rf 
the casing, we have called it, or covering with 
which we suppose every solid to be provided, intd 
a flat surface, will so far explain the meaning of the 
tern stretch-out,’’ which the pupU vdU find frequentfy 
used in the projections now to be Illustrated and 
explained,* and whicdi is si; equivalent or convertible 
term or syuonym for the expression development of 
the surfaoa” 

How this is obtain^ in the case of the cylinder 
We shall now proceed to explain, taking first into 
consideration the elementary diagram in fig. 1, Plate 
OOXXXn., which will give a graphic explanation of 
the principle of envelopment,’’ and its; converse of 
development, as we have stated. Let a ( c, fig. 50, be 
supposed to be a cylinder, of wMoh the height is a 6, 
the dicuneter ofagk. It is berq represented in iso- 


it at one point it can be taken off without in any metrical perspective, but in plane projection it would 
way altering the form or lessening its extent,— and assume the form of a simpie rectangle, « of. which the 
if when taken it can be stretched out Or extended di^noecA cur ds would represent the bright of the 
upon a flat surface, as that rf a table,— he will see c^lnder, and the breadth cd or Bi the didmetor. In 
in this Extended pie^ Of calico or paper that which place of supposing the solid cylinder, fig. 50 (next 
tepxOsents in resHty the surface of the solid iound w chapter) to be of wood, for we mm imppMV 

which it was wrapped or/wound. If the it to befomed. jof a 'tong strip rg wn^pedi An 

casder W^furfher this fbt sm^faoe^f cn^ tighdy xound thnt it hard aiid 
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mechanics and, 8 
Centrifugal forces : 

mechanics and, 8, 4, 884 
Centripetal forces ; 

mechanics and, 88, 98 
Cemleihe blue : 

calico printing and, 199 
Charging : 

iron-making process of, 17 
Cheapness : 

cabinet making and, 216 
Chemistry : 

calico printing and, 224 
cattle feeing and, 22 
farming and, 111 
Chimneys : 

bricklaying of, 81 
Chinese green : 

oalioo printing in, 62 
Chords : 

draughtsmanship of, M 
Cinquefoils : , 

d^gning sind, 242 
Circles : 

designing and, 242-8 
dranghtsman^p of, 46-8, 1614 
Circular motions : 

mephanios and,B, 67. 98, 126 
Classifying: v 

mno^e making and, 176*6 
Cleavanoes: 

msonine making and, 800 • 
Cleverness : 

workmen with, 20 r 

Clocks: 

factory work and, 268 
Closers : 

bricklaying, 70 ; .V 

Coocinine: , ^ ; 

caUoop]dntfogsnd,18Q^^ . r 
Oochineal: , v'V', 

ammoniacal, 62 * ^ 

calico printing and, 69 ^ i . ^ 
substitute fok* 180 
Colls:’ ■ ■ 



most. 


819 


ilOWP''} 

and, M, 142*8, 180*1 

laments** 

Octebimitioiii ! 

dotgnlag and, 242*8 
jPoaaa : 

' draghtamanship of, 105, 815-16 
Cbnjiigate diameten ; 

drangbtsmaiiship of, 150 
ChttkioalheUcett 
draughtfimaxuibip of, 240-1 
Oboataats : 

mohine making, 182 
Ocmtour : 

monldingi and, 68 
ClonTerten : 

steel^making, 27-8, 88, 218-19 
(km^erta: 

dratmbt4nnanahip, 268 
OonTolutions z 
drangbtBmanahip, 165 
Oopper : 
borate of, 11 
pigments of, 10 
Owkacrew staircases : 

drangbtsmanship of, 241 
Gottage gardening : 

iff ^ Gardening^’ 

Counts: 

faetorj work, 264 
Oonrsea: 

string, 242 
Cranks: 

draughtsmanship of, 268 
Crimson y 

oalioo printing in, 180 
Crops: 

ouMSifiOBtion of, 204, 289-92 
extra gardening, 77 
fancy prices and, 77 
forage, 2fK) 
four-course, 289 
green, 299 
ornamental, 102 


p»Tiag,,102 
rotati 


ation of, 204, 289-92 
Crystal greena : 

calico printing and, 200 
Cuba wood : 

calico printing and, 9 
Curyes in diaughtamansblp, 46-8, 
241^ 250-2 
elUpt^ 250-2 
external, 160 
higher, 150 
inyolnte, 814 
interna), 150 
set, 158, 251 
CuTfUinear figures : 

draughtsmanship of, 46-8 
Ouidiiooing : 

niachine making and, 800 
Qydlbids: 

draughtsmanship, 48, 150, 282 
Cylinders : 

- draughtsmanship of, 151, 81548 
. 'Tight, 816 

Dalrieei 

^irbhitectnre of, ooxxyi 
Pay bobks ? 

iactpry work, 266 
■ haUas : 

;2»«tpry #ork, 264 
>' .fpeeagcner 
"draughtsmanship of, 5 
^" lation : 
ourte, 84 

I and, 142*8, 180-1 
ce in, 270-1 

g&dation of form in, 180*1, 244-5 

and, 84, 271-2 


Decoration (eofiKnusd) t 
tonee in, 84 
rariete and. 84 
DecotUtife art : 

cabinet making and, 91-8 
Delineation: 

draughtsmanship, 240-1 
Delivery books : 

factory work, 265 
Density : 

mechanics and, 269 
Dephoephorisitag t 
mio process of,, 220 
iron ore and, 288-1 
steel makiM and, 220, 260*1 
Thomas^Gilohriit prooe s of, 220 
Describing: 

draughtsmanship, 164, 262 
Design; 

cabinet making, 91-2, 118-14 
Designing : 
alternated, 812 
arrangements in, 242-8 
balconies and, 88 
bald surfaces in, 87 
bands in, 242 
brackets and, 87 
oentre parts in. 811-12 
dnqoeioUs in, 242 
oircles and, 242-8 
combinations in, 242-8, 811 
detail ornament in. 87 
diagonal squares in, 811 
examples of, OOLXVII^ 242-8, 811 
figures in, 88 
interspaoM, 812 

ornamental arrangements in, 
242-8 

ornamental comblnationi in, 242-8 
quatrefoUs in, 242 
rectangles in, 88 
rhomboids in, 242 
rigbt-line figures in, 242-8 
setting out in, 88 
squares in, 88, 242, 811 
straigbt-lined, 811 
string courses ia, 242 
triangles in, 88, 242, 811 
Detail : 

designing and, 87 
Developing: 

draughtsmanship, 288, 815-18 
Development : 

draughtsmanship, 288<41 
Deviations : 

mechanics and, 84 
Dextrine « 

calico printing and, 225 
Diagonal bond : 

bricklaying in, 82 
Diagonal monons ; 

niMbanlos Und, 67 
Diagonal squaicS : 

designing and^ 811 
Diameters; 

^ju^ate, 150 

Wggingr^^*^’^ 
gardenibg 4d deep, 78 
Distance : ^ 

decoration and, 270-1 
Divi-dlvl: 

oalioo ]^thig and, 81 
Dodecagons : 

dranghtsmanshtp of, 5 
Doffing: 

factory worL 264 
Domestic Gbthm Windows t 
masonry of, ooi^Xvii 
Double fternes: 

factory work i^d, 179 
Drainage : 

arbkSeotnre of, 56*7 
defsotlve fiumodll 
Draininff : m **£ttiid Dratnlng” 
DvaiUpiMst . 
uxamplM ofi iHixxdiT, cm ' 


Drains: 

arobitecture and, 284-6 
brick, 284-6 
matemls for, 167 
planning of, 166-7 
sections of, 285 
Draughtsmanship : 
building: see “ Building 
geometrical : ue “ Geometrieal 
machine : tee Building** 

See also ** Designing " 

Drivers : 

factory, 809 
Dyes : 

oalioo printing and, 129 
testing of. 200 

Barly Buglish windows ; 

masonry of, coxxvii 
Barthworlcs : 

road-making, 119-20 
Eccentrics : 

' drauubtsmanship of, 268 
Education: 

arithmetic and, 145-8, 170, 209-10 
oommon, 144 
defective. 146 
industrizU. 168-70 
learning and, 146 
primary, 145-6 
technical, 144-6 
Elevations : 

draughtsmanship, 48-5 
Ellipses : 

draughtsmanship of, 48, 150, 161- 
2,260-2 

drawing of. 251 
gardeners’. 152, 260 
ovals and, 252 
semi-, 252 
Elliptical arches : 
bricklaying of, 97-8 
semi-, 97 

Elliptical carves ; 

drauffhtsmanship of, 250-2 
Embanking : 

road making, 18-19, 119 
Emerald green i 
pigments in, 11 
Engaging: 

draughtsmanship, 268 
Engines : 

blowing, 41-9, 107-8 
8e$ also ** Steak Engines'* 
Envelopment : 

draughtsmanship. 818 
Eodne: 

calico printing and, 180 
Epicycloids: 

drangbUmanship and, 48. 150 
Excavations : 

road making, 18-19, 119 
Exhaust ports ; 

draughtsmanship, 268 
Extradoe : 

bricklaying, 197 
Byes : 

dranghtsmanship of, 268, 814 

Factory work : 
clearing frames for, 205 
doable franfes for, 179 
dressing of yam in, 286 
intermmat& 58 . 
looms in, 207-8. 284-6 . 
machines for suing in, 287 
mule spinning anC 189-41 
mulespioning moohlneiand, 177-8 
power-looms in. 285 
processes of cotton, 178-9 
roving frames in, 58-9 
fixing of yam in, 287 
slabbing in, 29-80, 58 
spinning in, 59-60 
throstle spinning in, 59-60, 189 
warping in, 205 
weaving iu, 206, 285-6 
, weaving prepaiations in, 1784 


Fdotoiy work (ooutteusd} ; 
woollen j. sea “Woollen’* 
yam, 29 
Farming; 

architeoture and, ooxxvi 
bare cropping ib, 290 
chemistry and. 111 
classification of drops in, 204, 289 
classification of soils for, 149 
crops in, 289-92 
defective drainage and. 111 
evaporation by j^nts and, 111 
exhaling by plants and. 111 
exhaustion m soils in, 2084 
fallow in, 290 

fertilising conitliuents and, 178 
lertilising constituents of soils in, 

forage and, 290 
fonr-ooutse system of, 289 
germination and, ill 
green crops in, 299 
Liebig’s theory of soils for, 2024 
limit of Sdil in. 201 
loamy soils and, 292 
minem oonstitnents and, 178, 
201 

objections to Liebig's theory in, 
2084 

plants, soils and, 171-8 
porosity and, 111, 112 
restoration of soils in, 202 
rotation of orope in, 204, 289-92 
sandy soils in, 292 
secondary uses io, 289 
soils and, 111-12. 147-9 
soils, plants, and, 171-8 
temperature of soil in. 111 
turnip lands and, 292 
weed development and, 112 
Farms : 

cattle feeding on small, 123 
Feathers : 

draughtsmanship of, 269 
Feeding stuffs : 

cattle and, 22 
Ferro-manganese ; 

steel making and, 110 
Fields 

management of, 198 
Fillets: 

mouldings and, .115 
Fitness : 

cabinet making and, 114 
Flat iron : 

cutting of, 247-8 
Flat system of dwellings ; 

planning of, 68, 801 
Flemish bond : 

bricklaying, 74 
Flour: 

oalioo printing and, 224-5 
Flowers : 

gardening and. 102 
vegetablM and, 102 
Fluids : 

moohanios and. 96, 1254. 157-60 
Foci; 

dranghtsmanship, 150, 251 
Forage t 
crops for, 290 
Forcing honses : 

architecture of, ooxxvni 
Form: 

decoration and, 84, 181, 244-5 
mechanics and, 86 
Forties : 

factory work, 264 
Fmme rooms : 

factory work, 264 
Frames : 
clearing, 205 
double, 179 
roving, 58-9 
Framework : 

carpentry, 808 
Framing t 

carpeniiy, 89-71, 99*101 , 





Vtmeikutilmt 

dt^a|jlitf8U^ 

Jfadhiiiidi 

oMibopiiiitfiiifAAd, 180 
FtttlUKSOl i 

ooxxxix, ii0tx% 

Ocunr 

limtibgotllM 
iron mftking; 16 
refloingi 187 
ntieatCog. ^7^ 

Futnitnre; 
dodgalng ol 877 

MiBtio idcistiAg and, $ 

0*Ui€8l 

tonglitinmii^ of, 48-5 
OaliOoiattiiie : 

oilioo printiiig and, 189 
CKindmrs* tlUpia i 
dxaaghttmanahip of, 850 
Oardamag : 

azdiiteotore and, ooxx?i, 
OOXZTUI, OOXLVI, OOLIl 
wgpttA and, 78 
daep digging in, 78 
fdUpMrin. 152 
antra orqpi in, 77 
f anaj prioaa and. 77 
dowermg Tegatanlaa in, 102 
ttowen and TegetabloB in, 102 
herbs in, 76 
honset and, 288 
laying out in, 78 
malting most of, 102 
manunng in, 79 
ornament and pay in, 102 
paying crops in, 102 
plimniog for, oouil 
pleasant, 102 
plots for, 78 
profitable, 102 
scarlet numers in, 287 
sites of houses in, 288 
soils for, 79, 287 
Skaw dressing in, 79 
, trcsufiiing in, 78 
regetable marrows in, 287 
vegetables in, 76, 102 
water for. 78 
Qarden-wall bond : 


brioklaving, 74 
Oaseous fael : 


ironmaking and, 186 
Oases : 

iron making and waste, 40 
waste, 1864 
Gearing : 

draughtsmdniihip of, 268 
Oenins: 

workmen with, 20 
Qaometrioal dranghtsmansbip : 
abscissa in, 150 
amglM in, 7 
arcs in, 47, 1514 
axis in. 150 
centres in, 160 
chords in, 46 
dfclesin,464,1514 
completing points in, 250^8 
eonjngate diamdter in, 150 
emweo^ined figures in, 464 
onrTesin. 2504 
oarrUinear figures in, 464 
cycloids in,A 150, 282 
cylinders in, 151 
decagons in, 5 
desorroing of ovals in, 852 
diameter in, 150 
dcdeoagons in, 5 
d^ing of eUinses % 851 
empseifa^ 4871^!^ 8^8 


Gteometrkal dmn^tiiniiwl^ 
riansd): 

etHpeea and crals In, 258 
optical cnrfes i&r^SO-S 
epioydOids in, 48^150 
equid figures in, 7 
equivalent figum i&» 7 
examplee of, ooxxv, ooxxxir 
ooxkxxii, ooxx:kTi, oaxLti, 
ooxwii, <^cttjnrL 5-7, 1464 
external (mrvee in, 150 
foci in, 160, 251 

gardmters* elUpses and, 152, 850 
higher ottrvesH 160 
h^olomna angles in, 7 
hyperbma inj^, 150, 4814 
internal curves in, 150 
intersecting Ihtei in, 261, 279 
involute in, 48, 150 
fines in, 251 
major axes in, 150y 250 
minor axes in, 160 
ovals in, 4& 1504. 279 
ovals and ellipses in, 252 
ores in, 252 

parabola in, 48, 150, 280-1 
points in, 2504 
polygons in, 5-7 
ra& in. 46, 152 
rectangles and, 152 
seotom in, 46 
segments in, 464 
semi-ellipsea in, 252 
set onrvtt in, 851 
similar figures in, 7 
straight edges for, 250-2 
straight-line figures in, 7 
symmetrical figures in, 7 
tangents in, 48 
trammels for, 260-2 
transverse diameter in, 150, 250 
triangles in, 7 , 

vectors in, 251 
vertex in, 150 
Generating points : 

draughtsmanship, 156 
Geometrical staircases : 

draughtsmanship of, 241 
Germinatiou: 

farming and, 111 
Globes : 

draughtsmanship of, 815-16 
Gothic arches $ 
bricklaying of, 97 
Gothic wIndowB : 

masonry of, OOXXVU 
Gradation : 

decoration and, 180-1, 244-5 
Grape-houses : 

architecture of, Ooxlvi 
G rassland: 
cattle feeding on, 28 
changing of, 168 
diversities of, 161 
grasses on, 162 
unprovement of, 1884 
pecnliarities of, 184 
weeds in. 184 


cattle and, 162 
Grasiering : see "Cattle^’ 
Giasing: 

catUe and, 1884, 2274 
pomplicatw art 226 
Green : 

caUco printing in, 199, 200 
pigments of, lO 
Ground lines : 

draughtsmanship^ 19 
Grouping t 

machine making and, 1754 
Gums: 

calico printing and, 225 


Habits : 

machine making; 2584 

workmen and, 12 


HiuiDaent 


dranghtsmsiub^ of, 151 
Bhndst 

laotc^ work, iMl5 
fiankss 

laetccy work, 264 
Seadbrs: 

bricklaying, 74, 97 
Hearthsi 

iron making, 212-14 
La n cashire^ 212^14 
Heart-whe^: 

draughtsmanship ol^ 869 
Heart-wheelcainst 
draughtsmanship of, 818 
Heating: 
re-, 8474 

waste grasses for, 1864 
Height Imes : 

drau^tsmansbip, 12, 48 
Helices : 

dranghtsmanship, 154, 28841 
Herbs: 

gardening of. 76 
Herring-bone bond i 
bricklaying, 74 


Iten msJ^/ooefteo^ V it' 7; ^ 
hloomein^xmfi ' 


Btudiee at, 116 
Homologous angles t 
dranghtsmanship of, 7 
Horisontals t 

draughtsmanship of, 12, 267 
House drains : ms “ Drains ** 

House planning ; 
access in, 66 
elevatiqn in, 64 
examples 0^ ootil, OOLT 
fiat system of, 68, 801 
gardening and, 288 
methods of, 68 
plans in, 68 
rows in, 802 
self-contaiuedi 68, 801 
stairs in, 68 > 
street, 68, 801 
Hy jperb^ ; 

or^htsmanshlp of, 48, 150, 

■ 

Idio^ondes : 

workmen and, 49 
Indicators's 
factory work, 268 


caBbo printing and, 509 
Ihterseotli^ Uses r 
draughtsmanship and} 879 
Inteispaoes t 
designing and, 818 
Intrados : 

brlcl^ying,75,ar 

uWsrW'J* 

^^ughtsmanshl^^^ 

deh^g elemem|^^8-8, 219- 

depbosphori^ins 
hoaeyoombed. f 
making: 
medianios and, I 
phosphorus in, ' 


1,260-1 



, 109 
li 89,199 


steel making 
steel making 
sulphur in, If 
Don making : 
f air and, 108 

air oyfinders inf B ^ 
air heating aik|ip8 
appliaaoes Ocun 
bars in, 247^2 
Uastin, 1074 Jr 
Uastfumaoss%17,40 
blnwing ei«lif 1074 


ehiting of the fiat in, 247 
dellve^. 61 charge in, 17. 
i8aV8w4 

furnaoe heating for, 1864 : 
furnaces for^ Is 

funaobs for reheating in, 2^4 
gaseous fuel for, 186 
hearths for, 212-14 
hot air te, 18^ 
hot blasts in, 108, 185 
Lancashire hearthtfor, 212-14 
large works for, 16 i 

malleable, 1864. 21245 
nossleein, 1854 / 

. Sngin, 2474 
plant for, 15, 17, 40 
puddling process in, 214<>15 
refining furnaoee for, 187 * 
seheatmgin, 2474 


roUittgm,2464 
rolls lor,'f 


/2484 
roughing rolls for. 2484 
ahingleabarsin, 2474 
shingling in, 214-16 
stmctnres for, 16 
teoiperatnre of air and, 108 
tujwres of fnmaoes in, 1854 ' 
Vfuves In, 42 
waste gases in, 40, 1864 
wrought, 1864, 212-15 - 
Inmwork: 
onmmental, oolxxx 

Joinery: 

examples of, ooxxxv, 00XXXV|t, 

OCJXLV 
Keys ; 

draughtsmanship of, 209 
Knowledge: 
desire for, 117 

LndleB! 

steel-makittg easting, 219 
Lanoashite hearths : 

Iron making on, 212-14 
Land: 

oattee and extent of, 297 
Land dcalninsr : - 
ooUeoting and, 89-90 
' different systems of, 128 
direction in, 89-90 ^ 

e^eriments in, 122 
materials for, 121 


special remarks on, 128 
Laying out i 
gardening and, 78 
Lemming: 
eduoaubn and, 146 

Titm# : 

factory wojrk, 284 
Ledgers : 

factory work, 265 
Liebig’s theory : 

Obiections to, 2084 ' 
seiU according to, 9024 
Lines: 

curved, 8 ^ 

diaughtsmanship, 12, 48, 8M 

A 12 


height, 12-14. 48 
hot^ntaL 12 
intertecting, 251, 279 
meofaaiilaB and, 8 
radial, 999 
LttmOs: 

calico printing and, i 

XithkMQ : 5 

oatioo printiim stt^wl 
Longs : ^ 



tJSfDBX. 


lMtPi3rinA,M7-8,S8<4 
i^ioUeii liotox^) 808-10 


wtA nuilciii|: i|«t€ni of » 808»8 
ICribfafaio dnoghtimanihip » mo 

3iiobi&0 flsiikiiiff : 
5io4^b$woi|htaiid, 188 

BrlUniSi bridge aH ^ 
daiilfylngiM?^ 
elearanooi iiL 600 
ooodidona of. 104 
"oonitaate anq, 1$2 
Oonti&genoleB in, 888 
ettahiooing in, BOO 
diffloultlei of eady. 60 
early daya of, tKW, 104-6 
facts ana, 175-6 
graye oonalderatlona in, 80 
gronping in, 175-6 
habits in, 258-4 
, l4ws of nature and, 298 
materials for, 80 
mechanical powers in, 181 
Newton and, 298 
observation in, 196, 268-4, 297 
paying point in, 297 
phydce and, 298 
practice ana sdenoe In, 161-2 
present day of, 80 
prosaic work of, 161 
pomps and 298-9 
sdenoe and, 81, 106 
tdence and practioe in, 181«2 
sdenoe of, 174-6 
Stephenson and, 600 
■hops for, 60 
theory and, 106 
tools for, 80 
training in, 196 
vacuum and. 298 
work as applied to, 195-6 
Kachines : 
mole-spinning, 177-6 
airing, 287 
Kagenta : 

calico Toting in, 180 
Xajorazes: 

oraughtsmanshipi 160, 260 
iCalaemte green i 
ptoents of, 10 
V5&hleiron: . 

mannfaotnxe of, 186*8, 212-16 
Xanagers: 

factory work, 265 
ICanganese: 
fOm, 110 

^ steel making and, 110, 188 ' 
Manuring: 

gardening and, 79 
Maiket garaetiing: 

Gardening" 

Maeonry: 

domestic Gothic, ooxxvii 
Jbrly BngUsh, ooxi^rxi 


mmides of, ooxxxv, ooxxxvn, 

OOXLV, COUV, COLXXl, OOLXV 

Gothic, OOXXVII 
Morman, ooxxvii 
t ecmi-Norman, ooxxvu 
^ jd ndp w s in, ooxxvii 

; ^mi»ti»eof,29e 
^tter« 
ohg»iiogof,204 
^ «0Wtipn<< 2^,286 

*^SS^oal,9l4 
' i lianye s 

piinting and, 199 
miS^and, 181 

|MMpod4oiuit^288« 



Medhanios (cofKiaacd)! 
air and, 126 
alloys in, 288 
axes in, 8 

balance in, 288, 886 
bias in, 64 

bodies in. 191-2,221-8 
bodies idative tQ^ 288 
castings in, 295 
oast iron In, tH 
centreing 

oentrifngal forces in, 8, d 6H« 96 
changing of matter in, M 
oirotuiur m^ns in, 8» 67, 96, 125 
compresBca steel in, 285 
option in, 294, 296 
oonstitnents of bodies In, 221-6 
curved Hues in, 6 
dead head in, 
density in, 269 
deviations in, 64 
diagonal movements in, 67 
exemplifications of, 167-60 
finids and, 96, 12^ 157-60 
form in, 66 

honeycombed iron in, 295 
introduction to, 1 
iron in, 204 
lines in, 6 

materials in, 191-2, 221-6 
matter and, 294 
•matter in. 191-2, 221-6 
mauling in, 294 
metals useful in, 294 
mixture of materials in, 296 
motion in, 8 

motion and position in, 66 
motions in, 84-5, 66-8, 96-6 
motive power for, 125 
oblique motions m, 66, 126 
oblique surfdtes and, i57-60 
pig iron in, 294 
porosity in, 226, 257 
position and motion in, 66 
projectiles and, 160, 169*91 
propellers and, 169*60 
properties of bodies in, 221-6, 
267-9 

proportions In, 298 

^ rolled iron 294 ’ 

screw propellers and, 169-60 
screws and, 180 
steel in, 294-6 

strait Sections in. 96, 126 
stream power for, 125 
untempered steel in, 294 
useful metals in, 294 
Whitworth’s steel in, 295 
windmills and. 186-8 
wrought bon in, 294 
Metali! 

nsefal294 

Method! 

technical, 148, 209-10 
Methyl gM; 

oalioo prtbting and, 200 
Methylene blue : 

calico printing and, 199 
Minders: , 

tsotory wbrk, 268 
Mineral oonstitnenta : 

homing and, 176, 201 
Minor axes: 

draughtsmanship, 150 
Monotone: 

decoration and, 64 
Motion: 

position and, 65 
Motions 91 
ansrUlar. 286 
drcnlar, 6^ 96, 125 
diagonal, 67 

draughtionanihip of, 268-9, 616-14 
mechanics mid» 8i M-fi, 65-8^ 98-6 
obliqtte,66,126 
Motive power i 
memniei and, 125 


Mouldingi: 
assemblage in, 115 
astragals in, 116 
beads in, 116 
beams and, 82 
building and, 82 
charaoteristios of, 82 
eoDtour in, 88 
deeignattoDs in, 115 ' 

examples of, coc 
fillets in, 115 
moulded, 82 
ornamental, 62 
ovolu, 116 
profile in, 115 
' technical terms and, 62 
terms in, 115 
toms, 116 
Mule sj^nert : 

factory work, 864 
Mule spuming: 
facto^ worn and, 189-41 
machine for, 177-8 
Mushroom sh^ : 
architecture of, ooxLVi 

Napthalin soarlet : 

calico printing and, 180 
Natural objects : 

decoration and, 64 
Navy blue : 

calico printing and, 199 
Newton (Sir Is^) : 

machine making and, 208 
Norman windows : 

masonry of, ooxxvii 
Nossles : 

iron making and, 1854 

Oblique motious t 
mechanics and, 66, 126 
Oblique surfaces : 

mechanics and, 157-60 
Observation: 

machine making with, 196, 256-4 
Old English bond : 

bricklaying, 75 
Order: 

technical studies and, 51 
Ornament : 

cabinet making aiid, 118 
Ornamental wooawork : 
elements of. ootxxiv, ootxxv 
examples of, ooLXVii, oOLxXix 
Ovals: 

describing of, 252 
dzM|htsmanshipof,46, 150, 161-2, 

drawing of, 250-2 
ellipses and, 262 
Overlookers: 

factory work, 266 
Oves: 

draughtsmanship, 262 
Ovolo: 

mouldings and, 116 
]9arabola : 

dranghtsmenahip of, 48, 160, 280-1 
Pasturuiff : * 

cattle, 24, 168 

sheep, 194 
Patient : 

deooratioii and, 85 
Persian berries : 

calico printing and, 6 
Perspective : 
draughtsmanship In, 46 
lines producing, 12-14, 48-6 
Phosphorus : 

steel making and, 162-6 
Physios : 

maohhie making and, 298 
technical studies and, 210-11 
Piers : 

brioklayini cl, 61 


Pig iron: 
manufacture of, 15 
steel making and, 89, 109 
Pigments: ’ 

bioe green In, U 
borate in, U 
Bremen green In, 11 
Brunswick green Hi, 10 
copper borate in, 11 
oo^erin, 10 
emerald green In, 11 
green in. 10-11 
malachite green in, 10 
Sdieele’s green in, 11 
Bohweinfurt green in. 11 
verdigris green in, 11 
verditergreenin,!! 
Pinning t 

draughtsmanship, 18 
Pipes: 

draughtsmansh^, 240 
Pitch: 

evaporation by, 111 
exhaling by, 111 
soils and, 171-8 
Points in draughtsmanship i 
completing, 250-2 
station, 12 
vanishing, 12, 46 
Polygons : 

draughtsmanship of, 5-7 
Ponaeau: 

calico printing and, 160 
Popular errors: 

cabinet making and, 92 
Porosity : 

farming and, 111, 112 
mechanics and, 228, 257 
Position ! 

motion and, 65 
Power : 
air, 126 
motire, 125 
projectile, 100, 189-91 
screw pri^Umg, 15940 
steam, 125 
stream, 125 
windmill, 126-8 
Power looms : 

factory work and, 285 
Practioe : ' 

science and, 161-2 
theory and, 168-70 
Preparation rooms : 

factory work, 264 
Profile: 

mouldingB and, 115 
Projectiles : 

motive power of, 160, 189-91 
Projecting : 

draughtsmanship, 46 
Projections : 
^^dmghtamanship, 816 

power of screw, 159-60 
Proportions : 
absolute, 296 
relative, 296 
Prosaic work : 

machine making and, 161 
Public desires : 

cabinet making and, 216 
Puddling : 

iron making and, 214-15 
Pyramids : 

draughUmaaship of, 615-16 


Quantities : 

road-making, 286 
Quatrefofls : 

designing and. 248 
Quercitron : 

calioo printing and. 8 
Qtttck-niimlng uireads : 

A# g86 



•S9 

Qnkktiinuii 
iimughttmaiiidiiPf S88 
Qnotttt; 
brtekkyi&g, 301 


linM : 

dmnghtsmandiip ot 909 
Badiit 

dmuglitfmaitiibip of, 40, 109 
Ba|ees : 

xoftd*makiag, 288 
Boadlng : 
oansfii}, 146 
detttUory, 144 
madtanicM, 144 
technical, 144-5 
thon^trol, 145 
Beodying books : 


mimx. 


fhctonr woi^, 905 
leotanglesi 


Beotannes t 
designing and . 88 
dranghtmansaip of, 159 
Bed: 

caBoo printing in, 180 
Beeds : 

factoi7, 808 
Beflniog furnaces : 

Iron making and, 187 
Begulators : 

faotorj, 809 
Beheating f urnacos : 

iron making and, 247-8 
Belief: 

brid^ying, 198 
Best : 

dranghtsmandiip# 988 
Bhomboids : 

designing and, 949 
Bibs: 

drarmbtsmansbip of, 269 
Bight-une figures : 

designing and, 942-8 
BiM: 

draughtsmandiip, 988 
Bead making: 

Beran exi^ments in, 282 
calcnlations for, 19, 119 
earthworks in, 119-20 
embanking for, 16-19, 119 
exeaTations for, 18-19, 119 
hammers for, 288 
McAdam’s system of, 202-8 
makeshift, 282 

mechanical conditions and, 120 
quantities in, 988 
rakes for, 288 
repairing and, 282-8 
mts and, 282 
seasons for, 282 
shovels for, 288 
steam rollers and, 282 
stones for. 288 
surfaces in, 120 
tools for, 288 
traction and, 120, 282 
vehicles and, 120 
Hollers: 

steam, 282 ' 

Bdding: ^ 
iroh, 240-9 

Boll^ ’ 

ixoB^ making 9i8^. 
ronAing,S%^ 

.Boillmilihq;!,,, ’ 

Bovingteilmei: 

faotm work and, 58-9 
J8oyal bins : 

caUce printlDg and, 199 


Safflower ; 

eaUco printing and, 61^ 180 

architeotnre and, 954, 66, 106-7, 
ooxxxvin, ooxuit 
See also ** Architeotnee ** 

Sapan : 

calico printing in, 69 
Scarlet : 

calicc printing and, 190 
Scarlet runners : 

gardening and, 987 
Bcheele’s green : 

pigments of, 11 
Sdiweinfart green : 

pigmente in, 11 
ScSenoe: 

machijae making and, 81, 106, 1744 
practice and, 181-2 
6<mw-keys : 

faotoi^ work^ 264 
Screw-lines; 

dranghtsmanship, 288 
Screw-propellers : 

motive power of, 159-60 
Screws : 

angular-threaded, 266-8 
dr^l^htsmanship of, 154, 288-9, 

m^anics and, 160 

2 niek-mnning threads of, 288 
low-mnning threads of, 288 
square-headed, 260«8 
Sections : 

draug^bitsmanship, 815-18 
Bectors : 

dranghtsmanship, 46 
Seeds: 

germination of, 111 
Segmental ardies : 

bridUaying of, 97 
Segments : 

draughtsmanship, 40-8 
Self-advancement : 

technical studies and, 49 
Self-application : 

technical studies and, 21 
Self-help : 

workmen and, 49, 50, 78 
Self-hiBtrnotion : 

technical, 118 
Bemi-elUpses : 

dra^htsmanshin of, 252 
S^i-^rman windows: 

masonry of, ooxxvii 
Sequence : 

teohnioal studies and, 51 
Set curves: 

draughtsmanship of, 251, 814 
Sets ; 

factory work, 264 
Setting ont : 
designing and. 88 
dranghtsmanship, 44 
Shades : 

decoration and, 84 


oattle pasturing with, 194 


bars produced bv, 247-8 
iron making and, 214-16 
Shops : 

machine making, 80 
Ifflunrts : 

bricklaying, 281 
Shovels: 

road miaking, 988 
Shnmao : 

oalioo printing and, 61 
Shuttles ! ^ 

faotovy, 808-10 * 

Sliing; 

factory work and, 987 
madiines for, 287 
89tewhack : 
brkklnylng^98 


) feeding and, 58-6, 128 


caBbe printing and, 180 


Slida valves: 

draughtsmandiip of, 968 
Slivers : 

factory work, 904 
Blow-mnning threads : 

dranghtsmanship of, 288 
Slabbing: 

^^ory work and, 99-80, 58 

. brickaying, 97 
Soiling: 

cattikf 
Sous: 
olassifioation of, 149 
farming and, 111-12, 147-9 - 
fertilisTog constituents of, 209 
gardening, 79, 287 
Liebig^stlieory of, 209-4 
limits of. 201 
loamy, 292 
plants and, 171-8 
restoration of, 209 
sandy, 299 
tnmip, 992 
Solid bodies : 

dranghtsmanship and, 815-10 
Spheres : 

^^dra^tsmanship of, 815-16 

steel making and, 110 
Spinning : 
mule, 189-41, 177-8 
throstle, 59-60, 189 
Spirals : 

Archimedean, 158 
Spiral staircases : 

dranghtsmanship of, 241 
Spits : 

factory, 809 
Splayed edges : 

bricklaying, 281 
Spools : 

factory, 809-10 
Squares : 

designing and, 88, 242, 811 
diagonal, 811 
Stables : 

architeotnre of, ooxxvi 
Staircases : 

circular. 241 % 

corksofiw, 241 
draughtsmanship of, 158, 241 
geometrical, 241 
planning of, 68 
Stardh: 

calico printing and, 224 
Station points : 

dranghtsmanship, 12 
Steam engines ; 

slide hers Of, ooutxxn 
Steam power : 

meonanios and, 195 
Steamrollers: 

road making and, 282 
Steel; . 

compressed. 995 
occluded gases in, 395 
untempered, 394 
Whitworth’s, 296 
Steel making : 
basio process and, 220, 260-1 
Bessemer, 27-8, 87-9, 109-10 
oast iron for, 109 
casting ladles for, 219 
converters for, 27-8, 80, 218-19 
de^M^iron elements and, 169-8, 

dephosphorising and, 960-1 
dephosphorising of iron for. 290 
. difflonlty in Bessemer, 182-8 
diMot,88-9 

early improvements in, 87 
ferro-manganeie in, ItO 
ladlMfor,819 
manganeeein, 110, 188 . 
idrosphoms iiL 182^ 
pig iron lor, 88, 109 
pTMtibid working cl, 918 


Steel making (oonrietie^ : 
spiegdeiBen UL no 

99ioinas-G{lohrist process 990i 
960-1 ; 

working of the Bessemer, 184 
Stephenson (Bobert) : 
machine making and, 800 


examidee of, ooxxxtx, oohxx, 

OOLXIV 

Straight directions : 

mechanics and, 90, 195 
Straight edges : 

draughtsmanship and, 960-9 
Straw aressing : 

gardening and, 79 
Stretchers : 

brioklayinm 97 
Stretching rods : 

factory, 807, 809-10 
Stretch-out: 

dranghtsmanship, 988, 810 
String oonrses : 

deigning and, 242 
Strips : 

bricklaying, 280 
Strokes : 

draughtsmanship of, 968 
Substances : 

teckrical studies of, 210-11 
Success ; 

, technical, 21 
Succession crops : 

oattle feeding and, 54 
Bulphnr : 

steel making and, 182-8 
Sumac : 

caBoo printing and, 01 
Bturiaces : 

draughtsmanship, 815-10 

Tangents : 

draughtsmanship, 48 
Tannic add : 

oalioo printing and, 62 
Teobniou studies t 
ardour in, 117 
arithmetic and, 145-0 
arithmetical studies and, 107. 
209-10 

attention to, 49 
books for, 118 
careful reading and, 145 
cleverness and, 20 
common education and, 14i 
eonrse of, 78 

defective education and, 140 
desire for knowledge of, 117 
desultory reading and, 144 
ednoatkm and, 144-0 
encouragement of, 90 
first step to, 1|7 
genius for, 29 
giftsfor.20 
habits Of, 20, 59 
home. 118 
how in, 78 

idiosynoraties and, 48 
industrial, 168-70 
iu}ury to, 49 
initrnction in, 78 
inteUeotual, 49 
leavning and, 140 
materiiS bodies in, 910-11 
mechanioal reading and, 144 . 
memory in, 72 
method in, 118, 209-10 
moral fkonlties in, 71 
obserfution in, 51-9 \ 
ordmiu,51 

ffi lios in; 210-11 
tsin, 78 ^ 

^pmcticsl points in, 51 > 
practice and, 108<70 
primary educstidh 1404 

- 70 

M444:' . . V,r, 
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•ellMtopUQitio& io« 21 
iielf-1i^ud,49;60.7a 
Mll4^niction in, 116 
iMMtwein, 51 
fnojeota for, 118 
itibirtitnoee in, 210-11 
lUflOOM iAi 21 ' 
tlieoiy and, 168*70 
thinkera and, 168>70 
thongbtful x^ing and, 145 
uniformity the bane of, 49 
what in, 78 
'work^ and, 168-70 
workmen and, 20, 118 
Termrature : 

eoils and, 111 
Tenters : 

footory work, 268 
Theory : 

xnacnine making and, 106 
praotice and, 168-70 
Thiokenera : 

oalioo printing and, 224 
Thinkers : 

workmen who are, 168-70 
Thomas-Gilchrist : 
dephosphorising process of, 220 
steel making process of, 260-1 
Threads: 

draughtsmanship, 241 
qnick-mnning, 288 
slow-mnning, 288 
Throstle spinning : 

factory work and, 59-60, 189 
Timekeeping: 

factory work, 264 
Tones: ^ 

decoration and, 84 
Tools : 

machine making, 80 
road making, 288 
Toms t 

mouldings, 116 
Traction: 

road making and, 120, 282 
Training : 

machine making and, 196 
Trammels : 

draughtsmanship, 250-2 
Traniterse diameters : 

draughtsmanship, 150, 260 
Travel! 

dranghtsmansbip, 288, 268 
Trefoils : 

designing and, 242 
Trenofaing : 

gardenitig and, 76 
Tmngles : 


desQpiing and. 88, 24!^ 811 
dranghtsmansnip of, 7 
Tx^gers: 

faotoxy, 809 
Tmasing : 

oupentiy, 99 
TnbnUt drains : 
arohiteoture and, 57 


Turmeric: 

calico printing and, 0 
Turnips : 

soils for, 292 
Tuyeres : 

iron making and, 185 6 


Unhealthy gases : 

acohitectnre and, 26 
Utility : 

cabinet making and, 114, 217 


Vacuum : 

machine making and, 298 
Valves : 

blowing engine. 42 
draughtsmanship of slide, 268 
Vanishing points : 

draughtsmanship, 12, 48 
Variety : 

decoration and, 84 
Vectors: 

draughtsmanship, 261 
V^tables : 
flowering, 102 
flowers and, 102 
gardening and, 76 
Vegetable colouring matters t 
caUoo printing and, 8, 61 
Vegetable marrows : 

gardening and, 287 
Vdiioles! 

road making and, 120 
Vertex: 

draughtsmanship, 160 
Verdigris green : 

piemeuts of. 11 
Verditer green : 

pigments of, 11 
Verticals : 

dranghtsmansbip of, 267 
Villa gardening: ms ** Gardening** 
VineriM: 

architecture of, OOXLVI 
Violet colours : 
calico printing in, 200 


Warp beams : 

factory, 807 
Warping: 

factory work and, 205, 810 
Water : 

arohiteoture and supply of, 57 
gardening and, 78 
Weaving : 

factory work and, 206, 285-6 
preparations for, 178-9 
wo^en, 806, 810 
Webs: 

draughtsmanship of, 269 
Weeds : 

development ol 112 
grass landi and, 184 
Weld : 

calico punting and, 0 


WeU-holes: 

dranghtsmanship of, 241 
West of Bngland: 

fhotory work of cloth of, 262 
Wheels? 

dranghtsmanship of heart-, 269 
Whitworth (Sir Joseph) : 

steel making and, wo 
Winders : 

factory, 809 
Winding: 

factory, BIO 
Windmills : 

motive power of, 126-8 
Windows : 

Early Xndish, ockxvn 
domestic Gothic, ooxxvu 
Gothic, ooxxvix 
masomy of, ooxxvn 
Norman, ooxxvu 
semi-Norman, ooxxvu 
Woodwork : 

ornamental, ooLXvn, ooLXXil, 
OOLXXIV, ooLxxr 
Wood workiBg : tee Designing *’ 
Woollen facto^ work : 
battens in, 808 
book-keepers in, 268 
book-keeping in, 805 
breast be^s in, 809 
broadcloth, 262 
card rooms in, 264 
clocks in, 268 
counts in, 264 
day books in, 265 
day bands in, 264 
delivery boou in, 265 
dofhng in, 264 
driven in, 809 
drop-box motion in, 809 
forties in, 264 
frame rooms in, 264 
hands in, 265 
hanks in, 264 
indicators in, 268 
leas in, 264 
’ ledgers in, 266 

looms in, 806-8. 809-10 
management, of, 262-6, 805 
managers in, 265 
mill manageinent of, M2-5 
minders in, 268 
mule spinners in, 264 
overlookers in, 268 
preparation rooms in, 264 
receiving books in, 265 
reeds in, 808 
regulaton in, 809 
roving in, 264 
screw keys in, 264 
sets in, m 
shuttles in, 808-10 
sleys in, 80^ 
slivers in, 264 
spits in, 809 
pools in, 809-10 
stretching apparatus in, 807 
stretching rods in, 809-10 


Woollen factory work (softi4fined) : 
ta^le in, SOe 
tmiteri in, 266 
time keeping in, 264 
treadles In, 808 
triggers in, 809 
wai^ beams in, 807 
warping in, 810 
weaving in, 806, 810 
West cl England, 262 
winders in, 809 
winding In, 810 
Workmen : 
attention of. 49 
ardour ol 117 

arithmetic and, 145-6, 170, 209-10 
books for, 118 
careful reading by, 145 
devemess of, 20 
defective education of, 146 
declte for knowledge by, 117 
desultory reading 144 
ednoatioB of, 144-6 
encouragement of, 20 
flrst steps of, 117 
genins ot, 20 
gifts to, 20 

g uidance of, 78 
abitBof,20,52 
home studies of, 118 
idiosynorades of, 49 
industrial education of, 168-70 
instmotion of, 78 
intelleotnal, 49 
learning by, 146 
mechamcsl reading by, 144 
memory of, 72 
method in, 118, 209-10 
moral faculties of, 72 
observation by, 51-2 
practice and theory amongst, 
168-70 

primary ednoatlon of, 145-6 
reading by, 144-5 
self-advancement of, 49 
self-application of, 21 
Belf-h% of, 49, 50, 78 
self-instmction of, 118 
studies hy : see Technical 
Studies ” 
sneoess of, 21 

theory and practice amongst, 
168-70 

thinkers amongst, 168-70 
thoughtful rea^g by, 146 
workers amongst, 168-70 
Worms : 

dranghtsmanship of, 240-1 
Wrought iron : 
manufacture of, 186-8, 212-15 


Yam : 

dressing of, 286 
factory work and, 29 
sizing of, 287 
Yellow t 

calico printing in, 200 


END OF VOL. IV. 






